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Osyect TYPes AND SYNTAX 





# Type Example 
0 | Real Number -6.82E23 
1 | Complex Number | €.5, -1.577) 
2 | String "Hi there!" 
3 | Real Array ay Merce 
ame Fes ae 


4|/Complex Array |C[C 1,4) €.5,-.5) ] 
LC Son Abed de 4) 


5 | List { wt 3.14 "PI" 3} 
6 | Global Name 4 

7 | Local Name j 

8 | Program «Till -» 


9 | Algebraic Object | 't#1#r*2! 

10 | Binary Integer # EFACI1h 
11|Graphics Object | Graphic 131 % 64 
12|Tagged Object |Answer: 42 


13 | Unit Object 6_hredy 

14 | XLIB Name MLIB 543 6 

15 | Directory DIR ... END 

16 | Library Library 448: ... 


17| Backup Object |Backup MYOIR 
18 | Built-in Function | SIN 

19 | Built-in Command | CLEAR 

20 | Int. Binary Integer | <123d> 

21 | Extended Real # |Long Real 

22 | Extended Cmpl. #/Long Complex 





23 | Linked Array Linked Array 
24 | Character Object | Character 

25 | Code Object Code 

26 | Library Data Library Data 


27 | External Object | External 
28 | External Object | External 
29 | External Object | External 
30 | External Object | External 





To test an object’s type, put the object onto the stack 
and execute T'’PE. 


To test a named object's type, key in its 'name' and 
execute T'/PE. 


For a list of all objects of a given type in the current 
directory, key in the desired type# and execute T'ARS. 


For alist of all objects in the current directory, execute 


WARS. 
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THE ComMAND LINE AND THE STACK 


Entering Objects onto the Stack 


To perform arithmetic and other operations on an ob- 
ject (of most any type), you must put the object onto 
the stack. To accomplish this, you first build it on the 
command line, then press (ENTER), which puts it onto 
the stack at the bottom (level 1) pushing all other stack 
objects up a level, and clearing the command line for 
the next building session. 


If you err while typing on the command line, use («} or 
(>) to move to the offending character(s), then or 
(#)to erase them. Or abort the whole thing via 
((ON)). Or, use the menu and its various other 


cursor movement tools and editing options: 


(JEDIT) (28)° 
Cy ae Es INS a] +S TK 


skips the cursor to the far right; deletes 
everything to the right; likewise to the left for 
and EAS. If you toggle the key off (so that 
the white square disappears from the menu item), the 
cursor becomes square and will type over characters 
rather than inserting between them. 


Delimiters 


Bear in mind that you can actually build more than one 
complete object on the command line prior to press- 
ing (ENTER). To separate successive objects, put a de- 
limiter character between them. For example, by typ- 
ing (1 [SPc)(2[SPC}(3[SPC}(4]SPC)(5)(ENTER), you would 
be entering five objects onto the stack at once; each 
would go on in the order you typed it. The most com- 
mon “all-purpose” delimiter characters are the comma 
and the space (as used here), but the syntaxes of 
many specific object types (see page 1) include other 
distinctive beginning/ending characters that can serve 
as delimiters, too. 








The Shift Keys 


When typing on the command line, you'll soon dis- 
cover that there are far more commands and charac- 
ters available for entering objects than there are act- 


*Menu numbers, such as this 28, are discussed on page 10. 
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ual keys. The machine therefore uses 3 shift keys to 
alter the meanings of many keys: (€), (DB) and (2). 


The purple (4) key changes most keys’ functions to 
those labelled in purple above the keys; likewise for 
the (DB) key and the green labels. 


(a) transforms the keys to the alpha keyboard, which 
offers access to alphabetic characters and other sym- 
bols (some appearing at the lower right of the keys).* 


Any two of the three shifts may be in effect at any time, 
except (€)-(p), thus extending the keyboard’s func- 
tional range nearly six-fold. Note that when any shift 
is in effect, its symbol appears inthe annunciator area 
at the top of the display, which gives many such status 
signals (e.g. X means “calculation in progress”). 


Note also that a shifted mode usually lasts only one 
keystroke (e.g. you may press(€) or(p), then just one 
other key before that shift mode ends)—unless you 
hold the shift key down. But pressing will lock on 
alpha mode; it then takes a third (a) to unlock it. 


Editing an Object Already on the Stack 


To alter an object that is already entered on the stack 
(level 1), just press (G\EDIT}-without starting a com- 
mand line first. This sends the level 1 object to the 
command line for modification—which you then do 
exactly as if you had just now keyed it all in. After 
making the changes you want, press to place 
the edited version back at stack level 1. If you botch 
the editing process and would prefer to restore the 


original level 1 object, (ON) ((CANCEL)) aborts the edit. 


Altering the Stack—the Common Commands 
exchanges objects on stack levels 1 and 2.** 


(<[DROP) erases the object on level 1 and drops all re- 
maining objects down a level.** 
({[CLEAR] clears the stack of all objects.** 


When the command line is clear, does a DUP 
command—duplicating the level 1 stack object onto 
level 2 (and pushing everything else up a level). 


*See page 11 for more about the various characters and how to type 
them. Note also the reference keyboard on the front cover of this book. 


**To save keystrokes with this command, the (4) key is unnecessary if 
the command line is clear (i.e. if (>), («) and are inapplicable). 
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Most other stack commands are various exchanges, 
shifts or duplications, which you can do two ways. 


The Interactive Stack 





(P {MENU} (or just (a)) starts the interactive stack, 
where youcan move a pointer (using (a)and(¥)) to any 
given level. For example, press (CLEAR) and do this: 
(3 ENTER) (4 (ENTER) (7 (ENTER) (8 [ENTER)(5 ENTER). The 3 
you entered is now out of view, up atlevel5. To move 
up the stack to see it, press (a) to activate the interac- 


tive stack pointer, then just (a[a[a[a). 


Notice the menu items that appear in the interactive 
stack. Move your pointer down to level 1 ((v[v{vI¥)), 
then up to level 3 ((a{a)). Now try these menu items: 
HU=EW sends the contents of the current level to the 
editor, where you can edit it without disturbing other 
objects on the stack. Use to accept the change 
(or (CANCEL) not to). copies the current level’s 
object down at level 1; all other entries will shift up a 
level (now you should have sixentries). IZ" /4— sends 
the current level’s object to level 1; the entries below 
it shift up one level. sends the current level’s 
object down a level; the previous contents of level 1 
take its place. “echoes” the object at a stack 
level to the command line. (The item in the 
(4|EDIT] menu also starts the interactive stack to let 


you use Atal.) returns to the normal stack. 








(73) 
DU Ee 0 ee 
DUP DUPE [UPN JDROPE|DRPN | | 


The menu offers stack manipulations simi- 
lar to the interactive stack, but you indicate the de- 
sired level with a command argument, not a pointer. 


Error Recovery Features* 


The operation (also commonly known as 
“Last Stack”) returns the stack to its status just before 
the last operation. Other related commands: 
keeps your last result on the stack but returns the last 
arguments used by the HP 48G/GX. offers 
the last four command line entries for retrieval. 





“Because these features consume time and memory to maintain, they 
can be deactivated—see the (4[MODES) menu under 
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ARITHMETIC AND Postrix NOTATION 


“Crunching” Numbers on the Stack 





Every good calculator should do arithmetic quickly 
and easily. HP calculators pioneered a very efficient 
style of operation called postfix notation (a general- 
ized version of the method known as “RPN”), in which 
you put the arguments on a stack first, then perform 
the operation last. This precludes the need to use 
parentheses—any intermediate results simply “float” 
in the stack until needed. Here are some examples: 


Add 26 + 82: (2/6 [ENTER)(8{2)(+) 

Subtract 86 — 32: (8[6 JENTER)(3/2)(-) 

For a negative number, use (+/-): (2|+/—JENTER). 
Multiply 62 x 45: 

Divide 85 = 20: (85 ENTER)(2[0}(=) 

Raise 42 to the 5th power: (y) 
Take V20: (2[0)(&) 

Square 25: (2[5)(q[x?) 

Find the reciprocal of 85: (8[5)}(1/x) 

Calculate (5+2)°: (5 [ENTER)(2}(+)(3 3 
Calculate 5 + 2°: (5 [ENTER)(2 [ENTER)(3)}(¥*) 
Calculate 6V10: (6 JENTER)(1[0)(&)(X) 


Calculate (21+7)*: (2)1 JENTER)(7 )(+)(4 JENTER)(5 (=)(*) 
Find sin(25): 

Find arctan(1): (4)(€JATAN) 

Find log(2) (common ey 10): (2)(PfLoa) 
Find In(3) (natural a> vase) e): (3)(PILN) 


Find e'®: (1{o)(qfex) 









































Postfix Notation—Everywhere in the Machine 


Again, note the postfix notation method in the above 
calculations: Arguments first, operation last. And 
note also that the arguments are consumed by the 
operation. For example, after adding 26 and 82, you 
get only the result (1H) on the stack; the arguments, 

@6 and 32 are gone. This is true in general for oper- 
ations throughout the calculator (whether or not you 
expect any stack results): If an operation uses any ar- 
guments, you put them on the stack prior to executing 
the operation. The arguments are then consumed 
(regardless of results). For example, to set the dis- 
play to 2 decimal places, you use the F I command, 
withé as the argument: (2 [ENTER)(a|aJF{ | [X[@JENTER). 
The argument is consumed (and, in this case, no new 
result objects appear on the stack). 
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[VAR], VARIABLES AND Names 


Storing Objects in Names 





If an object is on the stack, you can nameit (i.e., store 
itinaname): Position the object at stack level 2 and 
the desired name at level 1, using algebraic apostro- 
phes around the name (e.g. ' name'). Thenjust press 
(Sto). Name and object (the arguments) disappear 
from the stack, but the name appears as the newest 
(left-most) item in the VARiable menu, which you see 
via (VAR). This menu (which is menu #2) shows the 
names of all objects stored in the current directory. 


Examples: To store the real number 93 in the name 
UTZ, press (9[3JENTER)(" [a [a[O)UL 1 [Z)(@)(STo). 

To store the vector£ 3 4 ] inthename TRI, press 
(Lis sPcl4 (ENTER) (* [e[alT{RL1)(@)(STo). 

To store the algebr. expression 'L#l' inArea, press 
Cfo LUO WIENTER)C [ola leq[o)Q\alRIEA)@)(ST0). 
To store the name DUIZ in the name TEST, press 


( [alelalutl [Z)(ENTER)(" (olelTVElsltl[efsto}. 


























Invoking Names 


In any menu, including VAR, a menu item is just a 
typing aid, a shortcut for typing the name and press- 
ing (ENTER). So pressing a VAR menu key treats that 
name like any other name—it evaluates it, putting its 
contents onto the stack (or executing it, if it’s a pro- 
gram). So, afterthe above examples, pressing el Ea 
(or typing («[@[aUl1{Z)(ENTER)) will put 93 onto the 
stack. By contrast, to puta name onto the stack with- 
out evaluating it, you must enter it as an algebraic ob- 


ject: (RETIES (or ([ofofaluli{za) (ENTER). 


Note also that you can use(4)}to store and(p}to recall 
VAR name values. So (again, using the above), 
(RETIE is the same as (9/9 JENTER)(" MEE (STO). 
And is the same as (* FAURE IRcL). 


Purging (Erasing) Names 

















To purge a name from the VAR menu in the current 
directory, putthe 'name' onthe stack and use(€4)/PURG). 
To purge a group of names at once, put the names 
into a list (andthe VAR menuis a typing aid here, too): 


(qq) EEDEEETAST..., etc., (ENTER), then use(/PURG). 
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Using Names Wisely 


Names may not contain delimiter characters nor be- 
gin with numerals (8-9), but they may be quite long 
and include lowercase letters and other non-alpha- 
betic characters. But the VAR menu can display only 
the first 4-5 characters in each name—and only up- 
percase representations of letters. So let yournames 
be distinct (and descriptive) within the first few char- 
acters. For example, TEST and Test are both valid 
names, but they’ll both appear as on the VAR 
menu. And OBJECT! and OBJECT2 are both valid 
names, but they'll both appear as [/EAI4a. 


RESERVED NAMES AND CONSTANTS 


You should avoid using some names for general-pur- 
pose storage, because their contents are interpreted 
by the calculator for certain specific purposes: 


ALRMOAT Current data for current alarms. 


CST Current contents of custom menu. 

Et) Current equation used by SOLVE & PLOT. 
EXPR Current expression, symbolic operations. 
e (Symbolic constant’) 2. 71828182846. 


TERR Uncertainty in current integration. 

IOPAR Current parameters for I/O operations.** 
i (Symbolic constant*) (4, 1). 
MAXR__(Symb. const.*) 9. 99999999999E499. 
MHpar Data of currently saved Minehunt game. 
MINR — (Symbolic constant*) 1.E-499. 

Mpar Current equation set for Mult. Equ. Solver. 
Nmines Current number of mines in Minehunt. 
PECT. Current contents of graphic display. 
PPAR, Current parameters for plot operations. 
PRTPAR Current parameters for print operations.** 
VPAR Current parameters for viewing 3-D plots. 
ZPAR Saves previous PPAR for zoom operations. 
der... Indicates a user-defined derivative. 

nl, nz, ...Integer coefficients used by I'SOL. 
51,52, ...Sign coefficients used by ISOL and QUAD. 
T (Symbolic constant*) 3. 14159265359. 
=DAT Current matrix of data used for statistics. 
=PAR Current parameters for statistics calc. 


*Contents of this name cannotbe changed (STO) gives an error); display 
result depends on Flags -2 and -3 (see page 78). 


**Interpreted this way in the HOME directory only. 
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MEMORY], DIRECTORIES AND PATHS 


The machine’s memory is organized into a hierarchi- 
cal tree of directories, which you construct. Each 
parent directory can have one or more subdirectories 
below it. Those subdirectories, in turn, can be parents 
to their own subdirectories, etc. Here’s an example: 


waite 
C1 LT ClRa 


a 
CRA DIRE ree 
HORE 


To build this example structure, you’d start at the built- 
inHOME directory (press (@JHOME)), and useCRUIR to 
create the other directories (as with most commands 
involving names, you enter either a group of names in 
at list torone 'name' ata time): 
(1[sPcl[D(1 [R[2{SPc(DL! (RI3 [ENTER @[@[ClR) (DL 1)(R) 
(ENTER). Those three directories now appear in the 
VAR menu of yourHOME directory (press (VAR). Note 
how directory menu items resemble tabbed folders. 
Press MMIGEM. This new directory is empty —nothing 
stored in it yet. Now create one sub-directory, M21: 
(' (wl a)(My1 [sIC)(ENTER)(@ [ac [RIDI1 [R) (ENTER). 


Similarly, createlIFA andQlRE intl: Press( |HOME), 
then §{EFW to move to that directory. Then: 
(e(D[1[RYAYSPC)(OL1 [RIBISPC)(ENTER)(@[e[ClRIDI[R) 
(ENTER). Now on and create one subdirectory, 


MORE: (1 [a [o[W[ORIK ENTER] @[a[C{RIDI 1 [RENTER]. 


The current directory (where puts named ob- 
jects) is simply your current location, which you change 
by moving about in the tree. ((G[UP) moves you up a 
level at a time.) Note how the annunciator area dis- 
plays the complete path of the current directory (and 
the FHTH command will produce that path list on the 
stack for handy storage and/or quick navigation later). 


























A directory structure helps organize your information, 
but more importantly, it helps to shield named objects 
from accidental “clobbering” during unrelated opera- 
tions. When given any name to evaluate (execute), 
the HP 48G/GxX first looks in the current directory for 
that name. If it doesn’t find it there, it looks upward, 
one level at a time, along the path (toward HOME). So 
any named object stored in a directory in the path of 


8 THe HP 48G/GX Pocket GuibE 


the current directory is “visible” (usable) from the 
current directory; all othernames are “invisible.” Thus, 
inthe example, all names inDIK1 are also visible from 
DIRA, DIRE and MORE, but notfrom flK2, GIRA, Mec, 
orHOME. And, as with the built-in (command) names, 
all names in HOME are visible from all directories. 


To erase an empty directory, you can use the key- 
board command (just as for other named ob- 
jects). But to avoid grievous errors, for a non-empty 
directory, you need the non-keyboard PGDIR com- 
mand. Thus, to erase the example structure, first go 
HOME (GJHoME)) then putt DIR1 DIR@ DIRS 3 on 
the stack and usePGDIR. (You could use (€[PURG)on 
'NIRZ' alone, but it’s easier to do it all at once.) 


(MEMORY 


The application offers a self-contained in- 
put screen that allows you to move, copy, edit, create 
or purge any named object in memory. As with most 
such application screens, you use the arrow keys ((a), 
(¥}, (<) and (®)) to move the highlight bar around, then 
(ENTER) or to accept your selections. You can 
select more than one object by using the tool. 


(70) 
a i Ce Be 
| DIF] 


i Os ed ee ed Oa 


ey aa NR es ees 
(72) Git 


STOX INCR | DECK 
SE ES TT 


The menu has 2 commands for measur- 
ing memory storage and data accuracy: [EM mea- 
sures the free memory (in bytes) left in your machine; 
B'TES measures the size (in bytes) and accuracy (a 
binary-integer checksum) of a given object. 


(71) 


This menu also has two main sub-groups: [i] is 
acollection of directory commands. Along withPATH, 
CROIR andPGOIR, you get commands that are useful 
for working with the VAR menu display (UJROER re- 
orders that menu; WAR'S and T/AR'S put the menu—or 
a subset—onto the stack as a list of names). Com- 
mands in the other sub-group, fa, allow you to 
perform arithmetic directly with on object stored in a 
name—no need to return the object to the stack first. 
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Menus 


Menus are typing aids—nothing more. Using a menu 
key toinvoke aname is simply a quick way to enter the 
name; command line or menu, the result is the same. 


Don’t confuse menus with directories: Directories are 
the partitioned areas in memory where object names 
are actually stored; menus are just selected groups of 
name-typing aids collected in the display for your con- 
venience. The names represented by a menu might 
actually be stored in various directories (and as noted 
on pp. 8-9, the result of invoking any name, via menu 
or otherwise, depends on that name’s actual storage 
location in relation to the current directory path). 


The VAR menu is often confused with a directory, be- 
cause its typing aids are for all the names stored in the 
current directory; if you move to a different directory, 
you see a different VAR menu. This gives the (false) 
impression that, to invoke aname, you must be in the 
directory where that name is stored. No. Youcan in- 
voke any name (typed “longhand” or via menu—no 
difference), as long as that name is stored some- 
where in the current directory path. For example, all 
built-in command names reside, in effect, “at HOME,” 
so that you can indeed invoke them from anywhere. 
(If invoking a name required you first to move to its 
actual storage location, you’d have to press 
before invoking any built-in name—not very handy.) 


Menus can have more than one “page” (i.e. more than 
six typing aids); you reach the other page(s) via 
or ([PREV). There are over 100 pre-defined menus 
(and you can build your own, too—see p. 38). All pre- 
defined menus are numbered for use with the MENU 
command. (Those numbers are shown herein beside 
each menu diagram.) For example, the 2nd page of 
the ([CHARS] menu (#62—see opposite) is denoted 
62.02. So, instead of moving there via (G[CHARS)(NxT], 


you can use 6. Hi as the argument for MENU. 


One final thought: The keyboard itself is also a sort of 
menu. Itis, after all, just another collection of typing/ 
entering shortcuts. But notice this about its design: 
The (>)}-shifted version of a key often gives a handy, 
fill-in-the-blanks application screen; and the(<4} shifted 
version of the same key offers a pre-defined menu of 
related programmable commands. 
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The screen lets you adjust machine modes 
(some signalled in the annunciator area). You select 
options via fLLELE, (or (NXT [ea4il) and espe- 
cially GWETEH, which explains each mode. 


(€:[MODES) (63) 

(64) 

stp a] Fix | scl | ENG | FM. | ML 

a ee ee 
(65) 

DEG =| KAD [GRAD [RECTs|CYLIM [SPHER| 

ee ee 
(66) 

PosFo] ocr | Fs? | Fc? [Feed | Fcee | 


RCLFIRESET| =| —_—s{ MODE 


DELK {| —_ | MODE 
(68) (baal) 

MENU THEM|KCLM]  —s | MODE 
(69) 

GEO eS BS Se 

Ci a a a es 00073 


The menu simply offers an [EMC] iia 


format for setting the various calculator modes shown. 


(67) 


CHARS 


offers screens showing the ASCII MuMber 
(0-255) and keystroke (if any) of all machine charac- 
ters (and note that this book’s front cover offers a par- 
tial reference). EER and EET let you move be- 
tween the four screens. You browse via the highlight 
box and arrow keys, and you can any char- 
acter to the command line if you wish. exits. 


(CHARS) (62) 
Te Ee Se 
OEJ> [STR HEAD | TAIL] | 


The menu offers commands that are useful 
in building, analyzing and dissecting a character 
string, including such things as finding its length, ex- 
tracting or substituting substrings within it, and remov- 
ing its first character. For more details on any particu- 
lar command, see the Command Index (pp 41-77). 
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PLOT 


lets you draw some 15 types of mathematical 
plots, including simultaneous and 3-D plots. 


Example: Plot tan x. Press (Q@JPLOT), highlight TYPE: 
and press [ally to see your choices. 


1. Highlight Furict icm and press MDT. 

2. Set radians mode (highlight «:; or (+7-)). 

3. Reset default parameters (center on the origin, 
use coordinate axes, and put an axis mark every 
10 pixels, representing 1 unit): Press (NXT) asia, 
select Reset plot and press MET. 

4. Next, highlight Ev: and type (")(TAN(@]XJENTER). 
Now, you can leave the default viewing scale or 
-HUTOSCALE (which samples x-values to 
estimate a y-range), or enter specific vertical and 
horizontal ranges. For now, leave the defaults. 


5. Press (NxT)[SaiFi4 (to clear prior plot), and LUTTE. 


After a first plot, you'll want to adjust it at the 
screen (press to see the main PLOT screen). 
At PLOT OPTIOM?, you set the calculation (not the 
view) range for the independent variable (the default 
is the view range). Youcan also set connected mode: 
If COMMECTEL is unchecked, only 1 pixel per column 
is lit on the plot; if -COMMECTED is checked, additional 
pixels are lit to give the graph a continuous look.* (Try 
repeating the above with -COMMECTED unchecked.) 


Interactive Graphing Features 





Once you've drawn a plot, the arrow keys move a set 
of crosshairs.** toggles the crosshairs to “invert” 
(white-on-black) if needed. Press EERAIEN or (4) and 
crosshair coordinates appear below (press any menu 
key to return the menu labels). Use to put the 
crosshairs on the graph. Press again for co- 
ordinates of a point on the graph. 


Look more at the interactive menu: The F4!']ml folder 
offers tools for rescaling your view. lets you 
draw a box to show a desired viewing window; Fis Lal 


“In the example, it only appears that “vertical asymptotes” have been 
drawn; the plotter has just connected the pixels across the asymptotes. 
Note, however, that if such a discontinuity falls exactly on the coordinate 
of a column of pixels, the graph won't connect over the discontinuity. 


**(ENTER] puts the crosshairs coordinates on the stack, but note: those 
are pixel coordinates—not necessarily a point on your function graph. 
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lets you set horizontal and vertical zoom factors (the 
default is 4), then FE{EME zooms in by these factors; 
zooms out (or you can scale each axis sepa- 
rately via ITE, FEET, ET and CEM). Eta 
squares the view (so a pixel is the same scale hori- 
zontally as vertically); resets to default view- 
ing ranges ([-6.5,6.5] x [-3.1,3.2]); centers the 
screen on the crosshairs; autoscalesthe verti- 
cal range. F{i]qal sets x-axis “tick” marks | unit apart 
(so a pixel = .1 units); EI EME] sets them 10 units apart; 
and n/2 units apart. is the “undo zoom“ 
key; restores the interactive graphics menu. 


The folder has interactive tools for analyzing 
functions: [Lig puts the crosshairs on the nearest 
root, displays it, and tags it (on the stack); cal- 
culates the derivative of the function at the crosshairs, 
displays it, and tags it. Press [ill once to mark the 
lower limit of integration at the crosshairs (use (x) to 
move this “mark”); press [ildaill again to compute the 
definite integral from that lower mark to the current 
crosshairs position, display it, and tag it (integrating 
right-to-left gives the negative of left-to-right). 
snaps the crosshairs to the nearest extremum, dis- 
plays it, and tags it. FGDHEM finds the function’s value 
at the crosshair location, displays it, and tags it. Use 
HEM to find the function’s derivative and graph it 
with the original function; press [IG again to plot 
the 2nd and 1st derivatives, and the function; etc. 


Plotting Multiple Functions Together 





To plot more than one function together on the same 
graph, enter them into the Et: field as a /ist (example: 
{'TANCAI' 'SINCAI' 4). If SIMULT is checked in 
the PLOT OFTIOM: screen, all functions are drawn in 
one sweep; if not, they’re drawn in successive sweeps. 


Plotting “Split-Defined” Functions 





A “split-defined” function’s definition depends on the 
input. Example: 'IFTECKE1, a*2, 1-#2' (“Ifx< 1, 
then use x, else use 1 - x”) TryitasaFumect ion 
plot—default settings (but disable connected mode). 


Other Plot Types 





Use a Truth plot type to shade regions that satisfy 
inequalities. Example: 'SINCH#'74.5' (Use de- 
fault parameters—and be patient.) 
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Use a Comic plot type for circles, hyperboli, para- 
boli, orellipses. Exmpl.: 't#8*2-3#8"Y+7*2-4=8 ' | 
View from—6. 3 toG. 3 (#:)and—-S. 2 tos. 1 (u:). 


Use aF'a1 Ar plot type for functions dependent on 
acentral angle. Example: 'R=3*#5INC2.5*61' To 
plot this, change the independent variable toHl and set 
its starting and ending values to and 12. 6 (= 4n). 


Use aP ar amett- ic plot for function pairs related 
by an independent parameter. You enter the func- 
tions in the complex form x(t) +iy(t). Example: To plot 
'ACTI=T#COSCT)! and 'YCTI=TSINCT)', you en- 
ter 'T#C05(7T)+i#T#SIN(T)'. Then T is your inde- 
pendent variable; set H-¥IEH: at tob. 23. 


Menu-Based Plot Functions 


Most programmable plot commands are on menus, 
too (see the Command Index for individual details): 


(81) 


GS Gs ee Ge ee ee 
| 3D | STAT [FLAG [LAEAL| AUTO | INFO | 
(82) 
GOS BS Gs Be a 


ee ee es ee ee 
(83) (EGE 


WCEP |CEPN |RRNG|YRNG| RES [RESET 
Cd ETS Ee 
[PPAR INFO] } PLOT 


30 | 
PTYPE| VPAR[ EG | | [PLOT 
(85) Gia 
SLOPE|MIREF) ¥3LIC] PCON | GRID [PARSU 
ee ee a Ee ee 


Pe ed 
ER CS CO ee Se 
7 en ee ee ee Ee 
(87) 
PTYPE| GATA|EPAR] | [ PLOT) 
(88) 
Fe CS es ce 
(91) 
es ee Es 
PRCOL | YCOL [MODL| PAR [RESET] IMFO | 
a a es 
(90) 
TLINF! |LOGFI|EXPFI|PHRFIEES TF] £PAR | 
(92) 


ARESe(CNC a] SIMU] | PLOT | 
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SOLVE 


will numerically* solve a general algebraic 
equation, a differential equation, or a linear system 
(and two other specific kinds of algebraic equations— 
polynomials and compound interest). In each case, 
you key in either the equation or its coefficients—as 
it equates to zero—then solve for the variable(s). 


Example: Find all roots of 4x°-11x-7. Press (PJSOLVE) 
and select Sa1we poly... Now key in the coef- 
ficients (including zeroes for any missing terms) as a 
vector: £ 4+ & -11 -? J. Then, withthe highlight 
on the ROOTS: field, press EETEY4.... The roots will ap- 
pear as the terms in a vector—either real or complex 
—both in the KO0TS: field and tagged on the stack. 
(Note that you can get a symbolicversion of either the 
polynomial or its solution(s) on the stack if you press 
while highlighting the desired field.) 


The linear system option (A * X = B) is similar, except 
that you key in a matrix (A) of coefficients, plus a vec- 
tor(B) of constants, then solve for vector X. 


(74) 


(|SOLVE) offers a menu-based solver (called SOLVR). 
The mechanics are simple: Store your equation inEL, 
then start SOLVR. Toindicate a known value, just key 
itin and press the desired menu key; to recall a value, 
press (9) and then the desired menu key; to calculate 
a value, press (4) before the desired menu key. 


(75) Gibi 
EDT Te es 


(30) ET 


(menu items will vary with contents of Ell) 


(76) 
[a Bae ee Ge Ge Ged 
a ee 
(77) Cea 
PROOT|PCOEF|PEVAL] =| ISLE! 
(78) 
Ee 
(79) 


SOLYRITYME[ AMOR] EEG | [E0LVE 

(80) 
| en | || | AAT | 
eee) EE | | | | | 


*To solve an equation symbolically for any particular variable, use 
Isolate var... orSolve quad... in GSYMBOLIC). 
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(42) 


(43) 
HM | CH | MM] vp [ FT [ In | 
MPC] Pc | LYR | Au [| EM [ MI | 
ee ES Sd ee 
ee a a a a 


LM@2 [cM*2] | vb"2 | FT*2 | IN*E | 
KM*2] HA] A | Mie [Mius*| ACRE 


M3 | ST | Co*3] Yp*3 [| FT*3 | IN" | 
| LL [GALU|GALC] GAL | aT | PT | 
ee ee Ee ee 
EEL | EU | PE [FEM] [f 
(46) 
| wR | bf H | HIN | 3: | He | 


CMs | FT’3 | KPH | MPH [KNOT 
Sa [is el ae GE 


PRG |G ke | oe elu] LET 
LTOM |TONU | TT | o2T | CT [GRAIN 
ee Bs ee ee 
(49) Lalita 
LN oYN | Gr | KIP | LPF | PDL | 


Ps 
se Ss a a 


Ee a ea a 
PRESS, 


VPA | ATM | BAR | PSI | TORR | MMH | 
Cs a a 


ei Ee ee ee 

(54) 
Pv | af c }] 6 ] FY] Wy 
i ee ee 

(55) 
ee a i ee ee 

(56) 
| Fc |FLAM] Le | PH | 3B | LH | 
ite a a a ee 


ce 

i Ee ee es 
(58) 

ae as SS Sas ae 


(59) 
COMY JUEASE] UVAL [UFACT|SUMIT| | 


(44) 


(45) 


(47) 


(48) 


(50) 


(51) 


(52) 


(53) 


(57) 
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To attach, convert or combine physical units of mea- 
surement, use the application: 


To attach a unit object to a real number (or another 
unit) object, just press the desired unit’s menu key. 
This multiplies the given object by the desired unit. 


Example: To form 2.54_cm (“2.54 centimeters’), 


press (2) - (5/4) (Punts) {WaT a. 


To attach the inverse of a unit object to a real num- 
ber (or another unit) object, press (DB) and the desired 
unit’s menu key. This divides the given object by the 
desired unit. Example: To form1.8_" Fk (“1.8 de- 

rees Rankine per Kelvin’), first press(1] - [8)(OJUNITS) 
Ten BL, then just press (9 i. 


To converta unit object to another (equivalent) unit, 
press (4) and the desired unit’s menu key. Example: 
To convert 26. 21875_mi (“26.21875 miles”) to kilo- 
meters, first press(2{6\-[2[1[8[715)(P)\UNTS) 
Mi, then EEE. Result: 42.194985_km 


Addition and subtraction of units require like dimen- 
sions. The result units are those of the second argu- 
ment. Example: To add 2 feet and 3 inches, press 
(OlUNTS ET BE EEE) (result: 27_ in). 
But now reverse the arguments: 
| id | (result: 2.25_ft). 


You can multiply or divide any mix of units just as in 
real-number arithmetic. ai To multiply 25 g by 
8 ft/s?, you would press (2|5)(>]UNITS fuLESa MEM, 
GUMS LENG) FT (IUNTS)aul [Uns Mull fom 
(PME (x). Result: 2HH_9#ft-s 


To convert a mixed-units result to SI base units, 
you can use LIBASE (available on the (GJUNITS) menu). 
Example: To convert 2HH_9#ft~’s*2 (continuing 
from the above example) to SI base units, we press 


(uns) TERE. Result: .H6896_ko#m-s 


The CONWERT command offers another way to con- 
vert a unit to any equivalent unit: Given the original 
unit, just key in the desired unit and use CONMERT.* 
Example: To convert . H6H96_kg#m-s"2 (continu- 
ing from the above example) to the equivalent pounds 


of force, key in 1_1lbf and press (G{UNTS) EDT. 
Result: 1.37843531714E-2_1bf * 














*Thus you really have three ways to convert between equivalent units: 
The (9 }-shifted (G UNITS) menu items; the CONVERT command; and (a 
quick trick) adding zero of the desired units (e.g. above: H_1bf (+). 
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(3) 


VECTR 

C= TT 

(ETS CO Ts 

ee ES 
COM [IGM | TRN | ROM [RANT] SIZE | 
a aaa ee 
ee Ed ed 
RANE] DET [TRACED [IMATE 
i ee Ee 
ee 


SRO [ROM [ROM + | ROW] RCI | Ch | 
CT a a a CC 
LIS TPELISTIMLIST) SORT LREVLI] ADD | 
HYP | 
SIM [ASINH| COSH [ACOSH)] TANH | ATA | 
EXPMILNP1] Oo] fe 


Pe CH | eT | MIN | Man | Mob | 
Ee EE 
LAND |TRNC [FLOOR] CEIL | +R | RD | 
HER | CEC =] OCT | EIN | RSE | ESR | 
(rs ie i ee Bd 


Pano | OR [son PWOT | | EASE 

a ee 

ee 
GO Ge a CO 


Di Di Oo a Ce 
eid ee a a 
Bi ee ee 
SIGN NEG [CONJ] | 
=e EE) EY 
MINE LE-4MAsR|S.955] | 
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Mostofthe HP 48G/GX’s math commands are grouped 
together under the key. Recall that with most 
types of objects, you do arithmetic or other operations 
just as you would with real-number arithmetic: First 
you put the argument(s) on the stack, then you select 
the operation; the result replaces the argument(s). 
Here is a brief overview of the various command 
groups (but for more details on a particular command, 
see the Command Index on pages 41-77): 


The vector commands (under aif) let you build, 
calculate (and even change the coordinate system) 
with 2D, 3D, or n-D vectors (syntax: [  ]). 


The matrix commands (under [EEiia) let you build 
and calculate with nxm matrices (syntax: [[ 1]), 
including various factors, diagonals, least-square cal- 
culations and Eigenvalues. 


The list commands (under {7 Eim) offer element-by- 
element procedures for summing, multiplying, sorting 
and reversing the elements in a given list (list syntax: 


{ 3). (See also list commands under (RG) EGE.) 


The hyperbolic math commands (under {Rial of 
fer the 3 basic hyperbolic trig functions and their in- 
verses, plus high-precision versions of LN and ExP. 


The real number commands (under fa) include 
percentage and modulo calculations and commands 
that extract portions of real values (rounding, abso- 
lute value, integer and fractional portions, etc.). 


The binary integer commands (under FE) allow 
you to build, alter, and do logical calculations with bi- 
nary integers (syntax: #...)—and choose the format 
and extent of their display. 


The probability commands (under fia) calculate 
permutations, combinations, factorials, pseudo-ran- 
dom numbers, and various probability distributions. 


The fast Fourier transform (ail) commands do 
just that—compute fast Fourier transforms. 


The complex number commands (under Eagle) let 
you build, take apart, conjugate and negate complex 
numbers (syntax: ( , )). 


The constants menu (under [iZEH) offers typing 
aids for entering the various values and names of the 
machine's built-in constants (€, i, 1, MARR andMINR). 
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EQUATION 


Pressing (EQUATION) starts the EquationWriter, an 
alternate form of command line useful when entering 
algebraic expressions or equations. Instead of the 
normal command-line approach to expressions (i.e. 
using the ' expr' format), which relies on hard-to-read 
parentheses, the EquationWriter lets you write ex- 
pressions in a more familiar textbook (“chalkboard”) 
form. So, instead of ' 1“ C3#A*2+4#B*2)-S+HYyP ', 
oo es 
V3a? + 4b? 
Note, however, that this format is for your eyes only— 
and only while you’re working with this commandline. 
When you press (ENTER), the finished algebraic expres- 
sion will take its place on the stack in the usual ' expr' 
syntax, parentheses and all. 


for example, you'll instead see —SHyp . 


The mostimportant key when using the EquationWriter 
is (»). When building an expression, you must use (>} 
to move to the next “component” of the expression. 
That is, you use (®} to exit a denominator or get “out- 
side” a set of parentheses, a radical sign, an expo- 
nent, etc. Example: Use the EquationWriter to enter 

ree ee 

V3a? + 4b? 
Start the EquationWriter: ([EQUATION). The stack 
disappears (but not the menu key labels). Now watch 
your screen as you do these keystrokes: (4[=\(x|(3[@) 
OMacovuon ABC OCSes0G (Ott! 


Notice how (>)(>)(>) exits first the final exponent, then 
the radical, then the denominator. Note also that you 
can use implied multiplication (i.e. omit the (x) key- 
stroke) with single-letter variable names only. When 
you're ready, sends the expression to the stack 
(just like the other, “normal” command line). There 


the algebraic object appears in its usual line format: 
1S C#A2 442892 )-SeHP | 
To edit an algebraic expression already on the stack, 


you could press (EDIT), as usual, to send it to the 
normal command line. But to send it instead to the 


EquationWriter, press (or just (¥)) instead.* 


— SHyp 








*(Q View) is like (GJEDIT), only smarter: Depending on the type of object, 
“VIEW sends it either to the EquationWriter (for algebraics), the Matrix 
Writer (for arrays), or to the normal commandline (for most other types). 
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SYMBOLIC 


Enclosing an expression in algebraic syntax, ' ', 
suppresses immediate evaluation of the result; you 
must press (EVAL)explicitly. This lets you build and use 
symbolic expressions with variables. 


Example: (“[i)/@{XIENTEA) (you get ' 1+H'); 
(18); 0°) Result: C148I401-83! 


To calculate with such expressions, use (9|SYMBOLIC). 
It offers you a choice of six different calculation tools, 
with a screen for each. 


Solving a Quadratic Equation 


Example: Solve symbolically for the (principal) solu- 
tion of the quadratic equation 5x? - 11lx+2=0. Press 
(PD JSYMBOLIC], use [¥) to highlight Salwe quad,.,, 
and press MDT. In the EXPR: field (the arrow keys 
will move the highlight around), use the EquationWriter 
orthe commandline to enters#4"2-1L1##+2. In 
the "Hk: field, enter X (uppercase—it must match your 
expression). In the RESULT: field, put Symbol ic 
(use the box and (¥} as necessary). Select 
PRINCIPAL Solution by putting as (via df). Now 
you’re ready to solve, so press DTM... | 


When you get your result, you also getthe 
menu, which offers other tools for altering, expanding 


or using an algebraic expression (see the Command 
Index, pages 41-77, for individual details): 


(93) 


a Se 
+MATLEMAT) +@ [+7 | 1 [APPLY 
LT eS A amma a a 


Now repeat the above quadratic sample but request 
the general solution.... The 51 variable appears in 
the solution as the + in the quadratic formula. To get 
either of the two specific solutions, you store a-1 or 
1 into the name 31, then request a numeric solution.* 


The other five tools in have similar input 
screens—note the self-explanatory prompts for each 
field. More examples follow on the next 4 pages.---> 








91 
a 


*You're actually altering the states of Flags -1 and-3 via the RESULT: and 
PRINCIPAL: items on the quadratic input screen. Always bear in mind that 
the states of Flags -1, -2 and -3 can affect the evaluation of a symbolic 
expression—see page 78. 
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Isolating a Variable* 
Example: To solve sinx=0: Press (P]SYMBOLIC), then 


select =a] ate ar... Enter the expression into 
EXPR: (* [SIN[@[X)(ENTER). INVAR:, specify the variable to 
be isolated: (@[<4)(X)(ENTER). Then, with PRINCIPAL un- 
checked—to get the general solution—press ET. 
Result_: '#=18H#n1' (or'X=1#n1). Thenl isapar- 
ameter representing an arbitrary integer; any integer 
multiple of 180° (x radians) is a solution. 


Computing Taylor Polynomials 


Example: Find the 5th-degree Taylor polynomial of 
sin x about x = 0. Press (JRAD)(OJSYMBOLIC), then 
select Taylor Poly... Enter the expression into 
EXPR: (" [SIN[@[X)(ENTER); in VAR:, specify the variable to 
be isolated: («)(X)(ENTER). In the ORDER: field, enter (5). 
Be sure that the RESULT: field says Symbol ic and 
press MDT. Result: 'K-1¢3!/ #K*3+1-51 4845! 


(Press(¥)}to see it more clearly in the EquationWriter.) 








The Taylor Pol'y... tool can calculate expan- 
sions only about x = 0, but you can also use it for cal- 
culations about x = a by using variable substitution: 
You re-express your function in terms of another vari- 
able—say, l!—where x=w+a. Then calculate the ex- 
pansion and re-substitute (w =x—a). For simpler func- 
tions, you can do the initial substitution by inspection; 
for more involved expressions, it’s easier to let the 
machine help you: Just store the substitution 'l+a' 
(you choose the numerical value of a here) into the 
variable *. Be sure that the variable l does not exist 
in the current directory path. 


Example: Find a 4th-degree Taylor expansion of In x 
about x= 1. By inspection, you can replace In x with 
In(w+1). Now find its expansion around w =0: Press 
(PISYMBOLIC) and select Taylor Poly... Nowput 
"LHCH+12' in the Expr: field, bl in var: and 4 in 
ORDER:, and press IPL. (Result: 'bW-. S#h*2+2- 
31 #bl*3-64 | #ll*4') Now make the re-substitution: 
(" [a [xJ—1 JENTER)(")(@[WJsTo}. (EVAL) the expansion. 
(And now you may want to use the rationalizing tool, 
+Q1, to simplify the decimals into fractions—press (4) 
(SYMBOLIC) (NXT) Ee). Again, (v¥) shows the result 


more clearly (use (®) and (<) to scroll as necessary). 








*I=0] ate \2r.., works only when the desired variable appears just 
once in the expression (any level of order); S0.1Ve Quad... works for 
a variable with multiple occurrences but no higher than second order. 
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(2) AND DIFFERENTIATION 


To take a derivative, use Different iate.,, 
(under (GJSYMBOLIC)) or the command 4 (via (Ba). 


Numerical Differentiation 


Example: Find the slope of 1/x at x= 2.7183. Press(p) 
(SYMBOLIC), then selectDif f erent iat... Enter 
the EXPR: ("| 1{=[@[X)(ENTER). Specify the variable in 
WAR: (@)OQ(ENTER). SetRESULT: toMumer 1c (use 
if needed); andin the VALUE: field, enter(2[- [7{1/8{3). 
Now press BIT. Result: -.1353.... 


4 can do the same thing on the stack: First, enter the 
expression ('1’#' here), then the variable, ('*' 
here). And for anumeric derivative, store the value in 


4: (21- (7813) ENTER) (a) (XJsT0}. Press (Oa). 








Symbolic Differentiation 


Example: Find the slope of 1/x at any point. First for 
a symbolic derivative, you purge the variable name— 
'#' here (and you must do this throughout the cur- 
rent path): (" {a)(x{<4_[PuRG). Then proceed: Press(p) 
and select Differentiate... Enter 
the EXPR: ("[1[=+[@)(X)(ENTER). Put the variable in VAR: 
(@(X)(ENTER). Set RESULT: to Symbol ic (use if 
needed). Press MITE. Result: '-(1¢K*2)' 


4 does the same thing on the stack: Enter the expres- 
sion ('1-#'), the variable, ('#'), and press (B{2). 





Stepwise Differentiation 
Example: Find the slope of (sin x)/x at any point. 


First, for a symbolic derivative, you must purge the 
variable name, '' (("‘{a@[x[44\PURG))—and you must 
do this throughout the current path. Next, set KAD 
mode (if it’s not set already). Now press 
and select Dif ferent iate,.. Next, enter the 
EXPR: (* (SIN(a[X)(>[=[@]XJENTER); then put the variable 
of differentiation (#4) into ¥AK: (@[X)(ENTER). Finally, set 
RESULT: toSymbo 1 1c (use(+7jif necessary). Now, 
at this point, instead of pressing (which would 
do the complete differentiation), press FE... 

Result: '@ACSINCKII“K-SINCH FAR CAI RAE | 


Now just press repeatedly to see each step in 
the differentiation. 
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Implicit Differentiation 


When unable to express y explicitly as a function of x, 
try implicit means. Example: If x + y? =9, find dy/dx. 
First, purge '¥\' and '''' from the current path. Next, 
enter the equation—so that it says “‘y is a function of 
a” 'ASE+'/CHI*2Z=9'—then the variable, '™', and 
(Pa). Result: 'Z2#XtderV CH, 13#2+/CKI=H'. The 
expression der’ CH, 1) means dy/dx, which you now 
isolate: Edit the equation, replacingder'Y (iy 1) with, 
say, U'’ (and '‘’€ 2 with simply '’). After substitution: 
'2eatl'#227=8'. Solve for DY: (lelblely)(ENTER 

BEDI. Result: 'DY=-CKe I! 





Partial Differentiation 


The HP 48G/GX can take partial derivatives of multi- 
variable functions. All variables except the variable of 
differentiation are treated as constants (if you don’t 
express them as being functions of the variable of dif- 
ferentiation—unlike implicit differentiation, above). 


AND INTEGRATION 


To compute an integral, you can use the |’ command 


(via (BYS), or Int arate... (under (GJSYMBOLIC). 
Numeric Integration 


1 
Example: Find fu dt. Try the EquationWriter, 
+t? 
0 


which is very handy for integrals: Press 
PLOOP OPE HET 2 >> > Le IENTER). 
This puts ' JCA, 1, 1°€1+T*23,T3', the algebraic 
form, onto the stack. Now press (EVAL) once to see the 
integral before substituting numeric limits: 
'LSCATANCT aT (TI) 1CTH13 
—CL#CATANCT aT (TI) ¢T=80)! 

Use (EVAL)again until you getanumeric result (~. ?324). 
This is an exact integral, an explicit antiderivative, but 
sometimes (EVAL}leaves an expression still containing 
an integral (e.g. ‘JC, 1, e*-CH*Z3, 4)'):; the ma- 
chine can’t find an antiderivative. It knows antideriva- 
tives for most built-in functions (and their derivatives), 
and it automatically does simple linear substitutions, 
but not much more. However, you can still get a good 
result via numerical estimation.... 
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Example: Repeatthe above example, but use(44|-NUM} 
instead of (EVAL). Note the appearance of Maal in 
the VAR menu. The number in IERR is a likely bound 
on the maximum error in the estimated integral; the 
accuracy is set by the display mode: More digits offer 
more accuracy (andincreased calculation time). Com- 
pare results with a display set to STD, then FIX 2. 


To evaluate a multiple integral, key it in just as you 

would write it—one integral nested inside the other— 

and, again, the EquationWriter is handy for entering. 
‘4 


Example: J J 2xy dy dx 
0% 1 


Then use or (EVAL) as usual (though you may 
need more repetitions of (or even EXPAND and 
COLCT) to get a final explicit result if indeed possible. 


To evaluate an improper integral (where the limits 
may be infinite), change variables. If x is unbounded, 
one handy transformation is w =tan'!x. Then tan''(+c0) 
= +n/2, and f(x)dx = f(tan w)(1+tan’w)dw. 


Symbolic Integration 


Example: Integrate fa dt. First, purge 'T' and'i4' 
1 

from the current path, then use and se- 

lect Inte@arate..,. Put'1/T! in Expr, T in var, 

1 inLo: ands inkl:. SetRESULT: to Symbol ic, and 

MOGME. Result: '1#(LNCTI“aTCTI) 1 CT=KI-C1* 

CLNCTI“aTCTII1CT=199'. Press (Evat): 'LNCH)! 


Example: Find the antiderivative of 3(x+5)?. Purge 
'' from the current path, then use and 
select Inteorate... Enter'3#CH+5)%2 ' in EXPR:, 
in VaR:, 8 ino: and # ind. Put Symbol ic into 
the RESULT: field, and press MDT. Result: 

"Sec CatSIA (241-0 C2+1 OK CHS | CHEK 
—COeCCHHSI4 C241 C0241 ak C8451 CAB! 
Now, don’t press yet. First, discard the second 
part of this result—that for the zero lower limit: 
(DROP[DROP|DROP). Now press (EVAL). 
Result: '3#€C#+5.%3-3)' (Youcan further simplify 
this via and from (€JSYMBOLIC).) 
These examples work because their integrands have 
easy antiderivatives. For an integrand that doesn’t, 
you can get a symbolic approximation. \ntegrate the 
Taylor polynomial approximation of the integrand. 
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(MATRIX), (STAT) AND (Z) 


Although its name seems so similar to the statistical 
commands (such as SDAT, 2+ and =-), the = com- 
mand (available via(P]=)) is notdirectly tied to statis- 
tics; you can use = to sum any finite series. 


Example: Sum the first k powers of 2 (2°+ 2!... + 2*): 
Enter 'N', then, then 'K', then '2*N', and (Pz); 
or: Enter '2CN=4, A, 2“N) '—and you can use the 
EquationWriter to do this. Any way you do it, it means 
“Find the sum of 2" for all integers n from 0 to k.”* 


Contrast that with the true statistics functions, which 
all relate to the matrix (array) of data currently stored 
in the reserved name 2UAT. Recall that an array can 
contain either real or complex values (see page 1), 
and that you can enter an array on the stack directly 
viathe [[ ]] syntax.** But there’s also a special tool 


for easy matrix entry and editing: 


Example: Enter the following test score matrix and 
name it TESTS: 64 80 97 88 

719 53 67 75 

93 88 90 93 

55 64 70 77 

99 95 82 96 

70 62 65 74 

89 83 87 85 
Press to start the MatrixWriter. Its menu 
lets you choose how wide each column is (via faually 
and [EINE3) and how the cursor moves after each 
entry (either across, with EE Eat]; down, with ELE ESG: 
or nowhere, with and [EDEGE).*** For this ex- 
ample, setS7U notation, leave the column width as is, 
and enter data by row (i.e. use feqiEgi)): 
(8 [0 [ENTER)(9 17 (ENTER)(8 [8 (ENTER), then(¥) (this estab- 
lishes the column countin the matrix; from now on, the 
machine will know when to begin a new row, so you 
can finish data entry uninterrupted); 
(ENTER)(6 [7 [ENTER)(7 [5 [ENTER)(93ENTER), etc. An ex- 
tra exits the MatrixWriter and puts your com- 
pleted matrix onto the stack—just as if you had keyed 
itinthere. Nownameit: (' [ole] T[ELS)(T[SENTERISTO). 




















*Note that the nature of your result (symbolic vs. numeric) will depend 
on the states of Flags -2 and -3. See page 78 for more about those flags. 


**A vector is also a kind of array—though it has its own syntax, [ J; 
depending on the circumstances, it can be treated by the machine as 
being either a row matrix or column matrix. 


***And the 2nd page of the menu has tools to add/extract rows/columns. 
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Now suppose your data represent exam scores—3 
midterms and a final exam—for each of 7 students. 


Example: Compare the mean and (population) stan- 
dard deviation of the first exam (column 1) with those 
of the final exam (col. 4). Press and select 
Single—-war... At the £bAT: field, use to 
indicate the matrix named TESTS. Then set cOL: to 
1, TYPE: toPopulation, the -MEAN and 
-3TD DEY fields, and press TMM. Tagged results go 
ontothe stack (Mean? 78.42...;Std Dev: 15.88...). 


Just repeat this process (but use col. +) to compare. 


Notice the other calculation options you have under 
Single—ar.. statistics (TOTAL, MAXIMUM, etc.). 
Also, explore the other handy tools: 


Frequencies... lets you study data distribution 
by defining bins—intervals of value—then calculating 
how many data points fall into each bin. 


Fit dat... examines correlations between any 2 
designated columns of data in =DAT. You can try lin- 
ear, logarithmic, exponential or power-curve models. 


Summary stats... computes the often-used 
quantities Xx, Ly, Lx’, Ly’, Xxy and Xn (for any 2 col- 
umns you designate as x and y in 2DAT). 


Note that, although most of the matrix-building and 
mathematical matrix-crunching commands are of- 
fered via (MTH), the matrix statistical commands are 
under (see the Command Index, pp. 41-77, 
for individual details on these commands): 


(96) 


(97) 

ee ee 
(98) 

Es ee Bo a da 





a a se ee 

(99) MOoL 
PLINF! [LOGFI EXPFIPLRFIEESTF) £PAR | 

(100) 

TOT [MEAN SDEY [Mak= | MINZ| BINS | 

Me TS che 
(101) Eira 
(102) fia 

HT a GS 

Cs a ee ee Es 
(103) ETE 

ee ed ed 

er eee ee Be 
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(23) 


(35) 


(38) 


(39) 


(40) 


(22) 


PIF | CASE |START| FOR | OO [HHILE 
ie ee es ss 


es eee Ce 


CASE|THEM[T END | | LERCH 
START 
START|NERT| STEP] | LERCH 


a CS ee 
a 
LIHILE| 


CS GS 
oe oe ee ee a 
PANG | OR | ROR | NOT [SAME] TYPE | 
Pe eee se 
CL] a Eee aes a aa 


CR | RC [NUM | CHR DTAG | EQ? | 

ETTPE TYPE, |p 

a i De 
GET | GETI | PUT | PuTI | SIZE | POS | 
Cs a 


Els Ee a ee 
SGRO/ELAM | GOR |GHOR| SUE | REPL | 
FLCD LCoS | SIZE ANIM] 
PICT | POIM | LINE |TLINE| EON | ARC | 
PISO [PIRDF | Pin? [PVE] Pac | CP | 


TE CE od a 
Lh a ae ae a ea 
(TS) TE Ss 
12 ae ee ee ee 


DEBUG | S37 [S374] NEXT | HALT | KILL 
PRR 2 ee ey 
ERROR 
DOERR) ERRM |ERRM| ERRO [LASTALIFERR | 
HFERR| THEN | ELSE] EMD | _|ERROR 
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You'll find most of the commonly used postfix pro- 
gramming commands collected in groups under the 
key. Recall that all postfix commands consume 
their arguments before leaving their stack results (if 
any). Here is an overview of the various groups, with 
some highlights noted (for more details on a com- 
mand, see the Command Index on pages 41-77): 


The program branching commands (under FEGTLm) 
let you build programs that make execution decisions 
“on the fly,” testing values or conditions and directing 
program control according to the results of those tests 
via constructs such as IF-THEM-ELSE, START-STEP, 
FOR-NET ,OO-UNTIL, WHILE-REPEAT , andCASE state- 
ments. Notes: The test that triggers a branching deci- 
sion may be of any length; the sole issue is whether 
its ultimate result is zero (false) or non-zero (true). For 
program repetitions (“loops”), use STHRT orF UR if you 
know the number of repetitions; use LI) or WHILE if 
you don't. 


The test commands (under fail) test the states of 
flags or compare values, allowing decisions (Such as 
program branching—see above) during program ex- 
ecution. Notes: The logical tests (ANU, UR, “UR and 
NOT) let you form compound tests by combining what 
would otherwise be separate tests. Two of the flag 
tests (FS?C and FCT) clear the given flag after test- 
ingits status. The two equality tests, == and SHME, are 
similar except when testing algebraic objects. 


The type commands (under iii) offer commands 
that form various object types from their constituent 
parts. Notes: As for the converse, the one necessary 
command—an all-purpose object de-constructor (for 
most object types)—is JIEJ+. Also, two commands 
(TYPE and\'T''PE) test the type of a given object (see 
also page 1). 


The list commands (under {ERM offer two groups 
of commands. Those in the first group manipulate 
just a single given element in a given list; those in the 
other group run procedures on all elements in a given 
list. Notes: Various combinations of commands such 
as HEAL, TAIL, REVLIST and SORT offer powerful 
ways to quickly re-order and present lists (and recall 
that you can put almost any type of object into a list). 
And DOLIST, DOSUB, STREAM and SEQ will quickly 
send each element in turn through a given process, 
with the result(s) appearing in a list, too. 
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The grob commands (under EEE) perform a wide 
variety of manipulations on any given grob (graphics 
object). Notes: The two LCD commands let you eas- 
ily save and recall screen displays. And the ANIMATE 
command allows you to define a set of fixed grobs, 
then cycle the display through them quickly enough to 
achieve the effects of animation. 


The PICT commands (under ftail) perform a wide 
variety of manipulations on the grob currently stored 
inthe reservednameP ICT. Notes: Keep in mind that 
you can specify the pixels in a grob either in pixel 
coordinates, via alist of binary integers, { #horizontal 
#vertical +; or in user-defined coordinates, via a com- 
plex number, (x, y!. The scale of the user-defined 
units depends on the current settings stored in PPAR. 
There are also handy commands for quickly drawing 
lines, boxes and arcs. 


The input commands (under {I[M) give you ways 
to let a user input values during program execution. 
Notes: You can use PROMPT or INPUT to cause a 
program to halt with a message asking for user re- 
sponse; or you can use WAIT or KE'’ to detect or 
identify user keystrokes; or you can use CHOOSE to 
build a ‘fi TE}-box” for the user to select from; or the 
INFORM command lets you build an input screen— 
similar to those of the built-in applications. 


The outputcommands (under ff!) give you ways 
to format program output. Notes: You can sound the 
tone generator with BEEP; or your can use MSGBD# to 
convey intermediate messages during program ex- 
ecution; or you can use FREEZE or UISP to halt pro- 
gram execution to allow a user to inspect output. 


The run control commands (under (IIH) let you 
troubleshoot a program: With the name of the desired 
program as the stack argument, you execute [Ifew, 
which initiates execution but then halts immediately. 
Thereafter, you can single-step (§EEXMB) through the 
execution to examine the effect of each program step 
(or shows every subroutine step as well); or 
lets you look a couple of step ahead without 
executing those steps. 


The error commands (under [7aa'la) offer ways to 
detect and recover from run-time errors. The IFERR- 
THEN-ELSE construct lets you execute a command 
tentatively—you can undo it if it causes an error. 
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TIME 


lets you control the calculator’s clock and set 
alarms for appointments or other time-delayed events. 


To Set the System Clock: Press (P{TIME), highlight 
Set time, date... andpress MET. Fillineach 
field as itis highlighted (move the highlight, as needed). 
For AM/FM (and for the date format) use BELLE. If 
finished, accepts; aborts. 


There are two kinds of alarms—appointmentalarms 
and control alarms. An appointment alarm will dis- 
play a (text) message and beep at you for about 15 
seconds; a control alarm will simply evaluate a speci- 
fied object, such as a program. 


Setting Alarms: To set an alarm, press and 
select Set 41] arm... Then, in the MESSAGE: field, 
for an appointment alarm, enter a string (e.g. "Phone 
home"); or, for a control alarm, enter the object you 
want evaluated at the specified time. Specify time, 
date and repeat interval,* then press BLT. 


Acknowledging Alarms: You must acknowledge 
appointment alarms, but not control alarms. If you 
catch an appointment alarm while it’s beeping, press 
any key to acknowledge it. If its beeping has stopped 
(the ~ will show it as past-due), press for the 
message, then [ilaaall to acknowledge it. (To acknow- 
ledge more than one such alarm, use EIa#ehil.) 


also offers menu access to other clock and 
alarm commands, plus commands for time arithme- 
tic.** See the Command Index (pp. 41-77) for details: 


(94) 


DATE [et Ee ee 
DATE+/DDAYS|>HMS |HMS>|HMS+|HMS—| 
ES 
(95) EY 
la CO TS 
a se ee ee 


Note: Alarm behavior is affected by Flags -43, -44, 
and -57. See pages 78-80 for more details. 


“Don't set an interval too brief to acknowledge the alarm before it re- 
peats. (If this happens, use the (ON}-(4) system interrupt—see p. 39.) 


**Note, too, that the various “HMS” commands are useful for angular 
degree measure, as well as chronological time measure. 
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1/0} AND Data ComMuUNICATIONS 


The HP 48G/GxX can transfer information to and from 
a variety of other devices. The thumbnail “recipes:” 


HP 48G/GX <----> HP 48G/GX 





Receiver: Move to the directory where the incoming 
data is to be stored and press (PJi/o). Then select 
Get from HF 466-1 and press LTE. 

Sender: Press (Pi). Select Send to HP 450- 
.. and (EGTSHM. At the NAME: field, press 
and select the object(s) to be sent, then [ELT and 


HP 48G/GX ----> Infrared Printer 


Setting Up: Aim the calculator’s IR 4 at the printer’s 
window (from a distance < 18"). Clear Flag -34, then 


press (&\/) aleha Gaia) Ga. 


Printing: (P\VOly 7 (vB LEE, then, ifneeded, change 
PORT: to [mf tarred (use (+/-)). Adjust bEL-2PACE, 
DELAY:, and —LIMEF, if needed. Now, either exit to use 
a (I/O) menu print command (or the (ON)-(1} screen 
dump), or, at DEJECT:, use to select object(s) 
to be printed, then [Tal and Gifiizkd. 


HP 48G/GX ----> Serial Printer 





Setting Up: Connect the 9-pin end of the cable to the 
printer; the 4-pin end to calculator. If using XON/ 
XOFF: (4 //O(NxT) ERIE x7 A ETS 
(VAR) (> (EGET (GJepiT), then change the 4th list ele- 
ment to 1. If the end-of-line sequence is not CR-LF, 


press (€)\/0) Mita, then edit the 4th list element. 
Printing: (P\V/o)(v{v[¥) MDE. Set PORT: to Mire 


(use(+/-)) and adjust _DEL-2PACE,XLAT:, -LIMNEF, EAUL:, 
PHRITY:, and LEM:, as desired. Now, either exit to use 
a menu print command (or the (ON)-{1} screen 
dump), or atOEJECT:, use fail! ]!6¥ to select the object(s) 
to be printed, then just METS and Giaickd. 


HP 48G/GX <----> Computer via Kermit 


Setting Up: Connect the 25-pin end of the cable (w/ 
adapter) to the computer and the 4-pin end to the 
calculator. On the computer, move to the desired 
directory, run the program containing Kermit and 
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make it the server (via a command such as SERVER). 
On the calculator, press(P)/0)(a]4) BEL. If needed, 
change PORT: toh it (use (+/-), TYPE: tokermit.; 
adjust other parameters to match your computer. 
(Binary transfer is faster, but use ASCII if you want to 
be able to edit transferred objects on the computer.) 


Transferring: Press (then (¥) if you’re going to 
transfer from the computer), then to browse 
through possible object(s) to be transferred (put a 
check mark beside each one selected). Press 
to finalize the list of names. Now, to send the names 
to the computer, press EERIE; or, to get the names 
from the computer, press EGE Eels. Then (for 
either direction), press (EGRIdI, if necessary) Tn TEM. 


Sending Backups Directly to the Computer: Turn off 
the ticking clock display in the calculator. Set up 
the transfer as usual (Binary is faster). On the cal- 
culator, put * 0! name onto the stack, where name is 
the file to be created on the computer. Then press(4) 
(MEMORY|NXT)[fil@alI. When the session is finished, 
press (4|/0) aay GIZIES (0x7) GE. 


HP 48G/GX <----> Computer via other methods 


The HP 48G/GX can transfer to a computer via other 
serial protocols, too (XModemis on the| screen). 
For specific details, consult your computer’s and/or 
main HP manuals. Note also that the product known 
as the HP Connectivity Kit (available for DOS/Win- 
dows or Macintosh), allows for especially simple data 
transfers/handling. Refer to its supplied instructions. 


(Ivo) (104) 


/SKVR [MOPAR |PRINT| PR1 [SEND | RECY | 
SERIA] KERR [RECM [CLOSE] XSEN [MRECY 
(105) Ea 
SERVE] PET [KGET|FINIS| | Io | 
(106) 
Tk _[ascite] EAUD | PARIT[CKSM| TRAN | 
MOPAR|RESET|INFO| | ‘| ‘i/o | 
(107) Gan 
PRVAR) PRET |PRSTCIPRLCO] Ck |PRTPA 
i ee eee 
(108) 
IDELAY|OLOPR|PRTPA|RESET| INFO [PRINT | 
(109) Ean 
Ea En Es ee 
ee a a es ee 
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LIBRARY], Ports AND Backups 


Port memory is different than user memory (where 
you normally store variables), in that port memory 
cannot be subdivided into directories, nor can you edit 
or view objects stored there. Itis entirely independent 
memory—even when everything in main memory is 
purged, port memory is maintained—but it can con- 
tain just 2 object types: Backup objects and Libraries. 


Port memory may be located in Port 0, Port 1, and/or 
Port 2, denoted by a (numerical) portidentifier, * port: . 
Port 0 is internal to the machine; it is taken out of user 
memory, so that any space used as Port 0 reduces 
the amount of user memory then available. Ports 1 
and 2 exist only in the HP 48GX—if there are RAM 
memory cards plugged into those ports.* 


Backup Objects 


A backup object is named with its port location as well 
as anormal name, in the format # port* name. To store 
any object into a backup object, use with a 
backup identifier. Example: To store "Red" as a 
backup object named Color in Port 4, enter "Red" 
onto the stack, then key in 4 Color and press (Sto). 


To get a menu of all backup objects currently stored 
in a given port, press (/LIBRARY) a" ]aieg, and then se- 
lect the desired port (for example, press now). 
A port menu behaves very much like the VAR menu: 
To evaluate a backup object, you can either key in its 
identifier (e.g. #4! Color) and press (EVAL), or just 
press its menu key (e.g. fi]Miq). Likewise, to recall 
a backup object, either key in its identifier and use (RCL) 
or press (>) and its menu key (e.g. (TMT). And 
to purge a backup object, put its identifier (or a list of 
such names) on the stack and use (JPURG). 


To backup all user memory (the entire contents of 
HOME directory), first be sure the ticking clock is not 
in the display. Then key in a backup identifier (of your 
choice) and use the HRCHIE command. To restore 
this information (which replaces all current user mem- 
ory), enter its backup identifier and use RESTORE. 

*Note that any RAM in card slot 1—where a card is limited to 128 Kb— 
may either be merged with normal user memory or left as port memory 
(denoted Port 1). But any RAM in card slot 2—where a card is limited 


to 4 Mo—must be left as port memory and is partitioned into ports of 
128Kb each (i.e. Ports numbered 2-n, where n < 33). 
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Libraries 


A library is a “read-only directory” of objects that you 
attach to a specific directory in your user memory, 
thereby making those objects “visible” (i.e. theirnames 
invocable) as part of that directory. Each library is 
identified by a unique number in port memory, in the 
format * port® number. The number appears ina menu 
if you press (\[LIBRARY)(@'aiEa. However, to make it 
easier to identify during use, a library’s name appears 


in a menu if you press while in the attach- 


ing directory (or any subdirectory of it). 


You can attach only one library at a time to any given 
directory (except HOME, which may have any number 
of attachments), but you can attach the same library 
to more than one directory at atime. However, before 
any library can become attached, it must first reside 
in port memory—either Port 0 internally or in one of 
the plug-in card slots. With a plug-in card, inserting it 
correctly into the required slot effectively places it in 
port memory (but be sure to follow instructions care- 
fully for plug-in and power-up). 


To place a library into Port 0, put the library object 
onto the stack, then key in the desired library identifier 
( port? number) and press (STO}—exactly analogous to 
naming and storing a backup object. (And purging a 
library is also analogous.) 


To attach an auto-attaching library, simply turn the 
machine off, then back on. All auto-attaching libraries 
will then be attached to the HOME directory. 


To attach (or detach) a library, move to the desired 
directory level, then key in the desired library identifier 
and use the ATTACH (or DETACH) command. 


Other related commands, such as those for merging 


card-based RAM, appear via (GJLIBRARY). Follow the 
card’s operating instructions carefully (and see pp. 
41-77 here for more details on any single command): 


(110) 
PORTS(PYARS)| LIES [MERGIFREEL|DETAC 
ATTACIPINIT] | | |_| 

(111) Ges 
re re ce Ea... if applicable) 
(112) 


(user-determined: ports & menus will vary) 
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EQ LIB) AND THE MES 


The Equation Library application (YEO LIB) is ex- 
actly that—an access tool that lets you browse through 
the built-in equation library, examining any equation 
group’s formulas, variables, units, help diagrams, etc. 
And with the touch of a key, you can load the equation 
group into the Multiple Equation Solver (MES). 


Example: \f you were to stand and fire a rifle (muzzle 
velocity 500 m/s) horizontally from shoulder height 
(1.5 m) along a deserted stretch of highway, how far 
would it have travelled along the road in that time? 


Press and be sure that the menu items 
and appear with the little []’s in them, 
indicating that the equations will indeed include units 
and that they will be SI units. Now use (¥) to highlight 
the topic Mat iam, and press (ENTER). You'll see a 
selection of the various groups of motion equations. 


Note how the menu items let you examine aspects of 
agroup. HighlightProjectile Motion and 
press [Iai for a picture... Try ETE to see all the 
variables involved.... Press to see the first 
equation in this group (you need to be patient as the 
EquationWriter presents it); use to see each 
other in its turn. At any point, press and all 
equations in this group are loaded into the MES. 


Now key in the known values: (0) Lit] Cit] 
OL Io) Cat nxn yolojL_]. And solve forthe 
unknown: (NXTINXT) (QL #_J.... 4=276.5_m. The 
MES is smart enough to determine which equa- 
tion(s) to use, based on the known value(s) you input. 








Notice that in the MES—just as in the (4[SOLVE] menu 
(see page 15)—to store a value, you key in the value 
and press its menu key; to recai//a value, you press(p) 
and the menu key; to calculate a value, you press (4) 
and the menu key. But here in the MES, any known 
value—any value you key in—goes dark (e.g. L¥a_] 
becomes [EEMB) to indicate its known status. And 
then, when solving for an unknown, the MES denotes 
with [’s the values it has used (and displays the inter- 
mediate calculations it performs in the process). 


One other handy MES key: To reset all values to un- 
known status, press [i 4 4; to calculate all unknowns, 


press (B44 to recall all values, press (O ISM. 
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Of course, you can also use the MES on your own 
groups of equations—just put your desired equations 
into a list. And you can use the built-in group of pro- 
jectile motion equations as the starting point. 


Example: Suppose you want to know the trajectory 
angle(s), 6,, needed for a target at range 6000 m, ele- 
vation 1200 m, with a 300 m/s muzzle velocity. You 
can’t do this easily with just the built-in equations list, 
but you can add the necessary equation to a copy of 
that list, then store this as, say, PRO: 


Highlight Projectile Motion in the Equa- 
tion Library (as in the previous example), but then just 
press to send that group’s equation list to the 
stack. Now just key in the necessary new equation: 


"BAFATAN( Cy-Y8 I~ Cx-xA+CONST C9) “2 
#0Cx-MH I< CUR*2 COS CBR I%2 90! 


this onto the stack and press (+) to add it to the 


list already there. Name this, (' [a[a[P[R{Ol J ENTER) 
(STO), and it’s ready to use in the MES—via (Ed LIB): 


(JEe Ls) (113) 


(114) Gera 
eT TTS ST 
(115) GT 
COMLICONS | | ELI 
(116) iT 
a ee (2 
(117) [iis 
MINE [2FACTIFANMIIDARCY) Fos [IDEN 
LTT a ET 
a as as es ee 


Press GA (' [eo (eEfalelsto), to denote your 
list as the current equation set. Now press (EQ LIB) 
ETS initialize (GIETM), andstartthe MES (GET). 
If you use the data above, you'll get a trajectory angle 
of about 34.07° or 67.23°, depending on your initial 
guess for HH (don’t forget about multiple solutions— 
guessing works just as in the regular Solver).* 


See the Command Index (pages 41-77) for details on 
the other items in (GJEQ LiB}—more MES commanas, 
the Constants Library, the MINEHUNT game, etc. 


*Note, too, that the presence of units in your own MES equation lists is 
not automatic. As in the regular Solver, if the variables do not already 
exist, they will be created by the MES without associated units; you 
must then key in the desired units with your initial input values. 
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CST]AND Custom Menus 


Pressing (CST) is the same as executing 1 MENU (see 
page 10 for more on menus). This creates a custom 
menu from a list you've stored in the reserved name 
CST. That is, before using (CST), you must have al- 
ready entered such a list, then entered 'CST', and 
pressed (STO). The menu list is of this form: 


tt "menu label," <  unshifted object, 


(@)-shifted object, 
; (P)-shifted function, 
{ "menu label Sy {  unshifted object, 


()-shifted object, 
(P)-shifted object, 


—— 


_ fee (Oto, 


(You may omit the innermost bracketing if there are 
objects only for the unshifted menu keys; you may 
omit the labels and their bracketing if you don’t wish 
the menu items to have labels different than their cor- 
responding unshifted objects.) 


Youcanalso make a temporarycustom menu: Enter 
amenulist (just as for CST), but don’t store itintoCST. 
Instead, execute TMENL, which builds and displays a 
menu from that list—without referring to CST. 


Custom Key ASSIGNMENTS 


When the HP 48G/GxX is in USER mode ((4\USER) tog- 
gles much like (q)), its keys behave according to a list 
of objects mapped to keys via keycodes of the form 
RowCol. Shift. Shift values signify as follows: 4 or 1 = 
unshifted; 2 = (-shifted; 3 = (G)-shifted; 4 = (a 
shifted; 5 =(a[<¢4)-shifted; 5 =(e[>}-shifted. Thus the 
keycode for (SPc)is 94.4 or 94. 1; the keycode for the 
k key (@[€Jk) is 25.5. 


To assignobject(s) to key(s), enter the pair(s) in alist, 
t obj, kcode, obj, kcode,... I, then use STOKE'’S. 


To un-assign keys (i.e. revert them to their standard 
functions), enter a list of the desired keycodes and 
useLIELKE'’S. To un-assignall keys, use DELKE'’S. 
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To disable all un-assigned keys (i.e. assign them to 
“nothing”), enter 'S' and use DELKE'’S. To then re- 
enable some keys to their standard functions, enter 
alist,£ 'SKEY' kcode, "SKE! kcode,... },anduse 
STOKES. To re-enable all keys, use OELKE'’S. 


To re-enable all other keys while assigning some, 
put 5 as the first object in your assignment list, then 
use STOKE'’S as usual. 


You can view the entire key assignments list at any 
time by using RCLKE'’S. 


System INFORMATION 


Batteries 


The HP 48G/GX uses 3 AAA batteries (lower com- 
partment). Batteries usually last several months— 
and the “ low-battery annunciator gives ample ad- 
vance warning. The memory will also survive a few 
minutes without batteries during their replacement. 


System rations 


To do system-level operations on your HP 48G/GX, 
you press and hold down the (on) key, then press and 
release one or more other keys (then release (On): 


“Cold” restart (erases all memory). 
Cancels keystroke (priorto key release). 
“Warm” restart (preserves memory). 
Starts interactive self-test. 

Starts continuous self-test. 
Deep-sleep shutdown (turns off timer). 
Performs display screen dump. 
Cancels next repeating alarm. 
-(—Y(ON}-(+) Adjusts display contrast. 


* 


MOE®) 





ejeeeeeleele) 


3 8 














The upper end of the HP 48G/GX has the 4-pronged 
serial port that connects to a Macintosh or IBM- 
compatible computer. Under the plastic end plate are 
two infrared “eyes” to allow wireless I/O between your 
machine and another calculator or printer. (The ar- 
row on the top front helps align the infrared beam.) 
And the HP 48GX model offers two rear slots for plug- 
in memory, software, or other interface cards. 


“If this fails, try inserting a straightened paper clip for about 1 second in 
the hole under the left rear rubber foot (which is removable). 
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FREQUENTLY ASKED QUESTIONS 


: Why | am getting an error message? 
: Check the argument types and order for the com- 


mand you're trying to use (see pp. 41-77). 


: How do | adjust the display to be easier to read? 
: Use (ON}(+) or (ON}(—) (See p. 39). 


: How do! change the format or number of decimal 


places displayed by the calculator? 


: Use idm (See pp. 11 and 41-77). 


: What does anE in a number mean? 
: It’s scientific notation (e.g. 6. #2E23 = 6.02x10%). 


: Why am] getting wrong results with trig functions? 


: Check the angle mode (see on p. 11). 


For example, if you see the annunciator KAD or 
GRAAL, the machine is not_ using degrees. 


: Why don’t! get when/use+NUM on 'SINCTI' 2 
: If you want the numerical identity that comes from 


the symbolic constant tT, don’t use #NLIM (rather, 
use EAL, with flag -2 clear). #NUM does its cal- 
culation on a 12-digit numerical approximation of 
n, which is 3. 14159265359. (No machine can 
use the actual numerical value of z—it has an in- 
finite number of digits). And sin 3.14159265359 #0. 
For similar reasons, (2)(<)(q[x2) doesn’t return 2. 


2 Why can’t I find the variable(s) | stored? 
: You’re probably in a different directory now than 


when you stored the variable(s). See pp. 6-9. 


: Why am! getting anUndef imed Name error 


when using #NUM or EVAL ? 


: Atleast one name in the given expression is unde- 


fined in the current path. +NLUM always demands 
a numerical result; EAL demands it whenever 
flag -3 is set (See pp. 6-9 and 78). 


: Why doesn’tEAL give me a number? 
: EVAL demands a numerical result only when flag 


-3is set. Otherwise, names are not evaluated (ex- 
cept symbolic constants, which reduce to numeri- 
cal values if flag -2 is set). So if you definitely want 
a number, use *MLIM. (See also pp. 7 and 78.) 


: My calculator is “locking” up or behaving strangely. 


How can | check and/or correct this? 


: Try restart procedures or system tests (see p. 39). 
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: How much free memory does my calculator have? 


Use MEM (see p. 9) to find out: MEM § 


: What does the “) annunciator indicate? 
: Alow battery (see p. 39) or past-due alarm (p. 31). 


: My machine seems to gradually slowdown. Why? 
: It may need to clean up borrowed or fragmented 
sections of memory. Use (see p. 39) to do 
a cleanup. (This clears the stack and PICT.) 


> FO PO 


Q: Why do | get mixed units in the Equation Library 
Solver even when | specify TEXTE or MEI? 

A: The Solver initializes only variables that don’t al- 
ready exist in the current directory. For unit con- 
sistency, at the equation list in Equation Library, 


press GQTGHIEM before selecting units. 


Q: How do turn off the HALT annunciator? 


A: Use KILL (see p. 54): PRGINXT)/ MGT ET. 


Commanp INDEX 


The following Command Index lists all commands 
(programmable objects) available in the HP 48G/GX. 
It does not list operations, (non-programmable key- 
board procedures); it’s a programmer's memory-jog- 
ger. This booklet does not attempt to teach program- 
ming. That topic is large enough to merit at least one 
full-length book (see the inside back cover). 


Each command name is accompanied by a brief (nay, 
terse) description and its keyboard access, if any.* 
Then opposite each command is a stack representa- 
tion of its inputs and outputs. Object types are repre- 
sented by surrounding delimiters, descriptive phrases, 
and/or by variable naming conventions (i.e. x, y, and 
other italicized names indicate real values; n and m 
stand for integers, z is a complex number; etc.). 


Not all possible object types are given—only the most 
common. Often you can also use names or algebraic 
expressions that evaluate to required types/values. 
Not all error responses or flag dependencies are giv- 
en (see pp. 78-80 for descriptions of system flags). 

“If you do extensive programming and need to study certain commands 


more thoroughly, you will find the HP 48G Series Advanced User's Ref- 
erence Manual from Hewlett-Packard to be very helpful. 
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Name (keyboard access) Description 


ABS HEEEM) Absolute value/magnitude. 
ACK ((qiTiMe) METH) Acknowledge oldest past- 
due alarm. 
ACKALL () 
due alarms. 
ACOS (€Jacos)) Inverse cosine. 

ACOSH (TH) EGET) inverse hyperbolic cosine. 
ADD (TH) ERM BETTE) Add corresponding list ele- 
ments (or add a single value to each element in a list). 
ALOG (fio) Common (base 10) antilogarithm. 
AMORT (q\sowe TER EET) Amortize a loan using 
values currently stored in the TVM variables (/% YR, PV, 
PMT and PYA), flag -14, and number of payments, n. 
AND (PA@) ESS OXT)EETOE) Find logical AND of two 
arguments. 

ANIMATE (PRo)REREENNxT)ERIM) Display a set of n 
graphics objects sequentially, in the area of the screen 
given by pixel coordinates #X and #Y, with a given time 
interval of delay, int. (specified in seconds), between 
each display. 

APPLY Create expression 
with given function name and arguments. 

ARC (PRG)AGMEETME) In the PICT grob, draw an arc 
with the given radius, centered at (x,y), going counter- 
clockwise from arc position angle, to arc position angle,. 


ARCHIVE ((q[MEMORYINXT) ETM) Create a backup 
copy of HOME directory in independent RAM. 

ARG (MTH\NxT) ERG EELIE) Complex number angle. 
ARR'’+ (must be typed) Decompose an array (either 
matrix or vector) into its constituent elements (in order) 
on the stack, together with description of the original di- 
mensions of the argument array. 

2ARRY (PRG) Gas EDa) Build an array (matrix or 
vector) from constituent elements taken (in order) from 
the stack, using a description of the intended dimen- 
sion(s) of the argument array. 

ASIN (JASN) Inverse sine. 

ASINH (TH) BMG GEG) Inverse hyperbolic sine. 
ASN (Moves | (SEREHIGERI) Assign the given object 
(or 'SKE'Y' un-assigns) to the key rc.p (row-col.plane). 
ASR (TH) EGEee (xT) EEG) Shift bits right, 
except left bit (adjacent bit becomes 4); right bit is lost. 
ATAN (JATAN)) Inverse tangent. 

ATANH (TH) Gi) Inv. hyperbolic tangent. 
ATICK (GIPLOTELETAN TEMES) Put tick marks on 
axes at given interval(s)—in user units or in pixels. 
ATTACH (Q{UBRARY|NXT) Elid) Attach given library. 





miitig) Acknowledge all past- 
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Name (keyboard access) Description 


AUTO ((Q\PLOTINXTIEDG) Autoscale display range(s). 
ARES (G/PLOT idle NXT) Specify origin loca- 


tion, tick ust and axis labels as part of PPAR. 









BAR (GP SLIM aeia SMM) Plottype=bar. 
BARPLOT Peer rar [eaRrC) Plot bar chart. 


BAUD (WOLD LETAIERTTS) Set bit-transfer (baud) rate. 
BEEP ((PRGINxT) (NXT) xT Se) Produce a tone of 
given aca in pane for given duration (in seconds). 
BESTFIT (q\sta7) Faia GRR) ‘Find best- 
fitting Linear Regression model; note in PPAR. 

BIN (THERES) Select binary base mode. 
BINS (4\staT REE) Sort elements of COL in 
the 2DAT matrix into k+2 bins of specified width, with first 
such bin starting at data value x, ,. 
BLANK (PrG)Keat EHIME) Create blank grob of given 
height and width. 

BOS (PAG)AGI BEDE) In PICT, draw a box with giv- 
en opposite corner locations (either pixels or user units). 
BUFLEN (\i/o\nx7) ESE ET) Count characters 
in serial buffer and check for data reception accuracy. 
BYTES (\MEMORY) ERS) Determine byte count and 
checksum of given object. 

B>R (THERES EEL) Convert binary to real. 
CASE (Pro) (EGR EES GEN) Begin CASE state- 
ment structure. 

CEIL (TH) (MT H) SET OT IT ) Least integer > x. 
CENTR (En ELE Center plot on giv- 
en point. 

CF (Moves) {ZMH EMG) Clear the given flag. 
CHOOSE (PRGINXT)MEMEIGEDEE) Create user-defined 
choose box, using message, choice-result object pair list, 
initial highlight position; signal completion w/result. 
CH ((MTH) BEG) Calculate change from x to y, 
asa pacoull of x. 

CHR WSS ees Return character of given code. 
CESM (4) ct (/o) GTA ETE) Set error-detection type. 
CLEAR (CLEAR) Clear all objects from the stack. 
CLEAD (QTIME(NXTINXT) EEE) Adjust system clock 
by x/8192 seconds. 

CLLCD (Ra NxT) MET GEE) “Blank stack display. 
CLOSE TO (\VolNxT)EEER3) Close serial and IR ports; 
clear input buffer and KERRM error messages. 

CLE (QqstaT EERE ES) Purge SDAT. 

CLTEACH (must be typed) Purge EXAMPLES subdirect. 
CLUSR Same as CLYVAR. 

CLVAR (must be typed) Purge all variables and empty 
subdirectories in current directory. 


CNRM (4TH) ERA ES EE) Array column norm. 
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1: f Cay y) atick Waris 
label" "y-axis label" }—> 

















frequency 
1: duration 






1: st height > 1? grb 


number of characters 
@ or 1 
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Name (keyboard access) Description 
>COL (TH EEG ETELET) Decompose the giv- 


en array (matrix or vector) into its constituent columns 
(which are vectors in a matrix and real or complex num- 
bers in a vector); return also the column count. 

COL+ (TH) EE ee eT) Insert one or more 
columns into the given array (an array into a matrix; an 
element or vector into a vector) at position.. 

COL- (4TH) (EE MT TE) Remove one col- 
umn from the given array at position,. 

COL (7H) EE AT THEM) Build an array (ma- 
trix or vector) from its constituent columns (which are 
vectors in a matrix and real or complex numbers in a 
vector), as indicated by the column count. 

COLCT (€\Symeovic) Tg) Collect like terms in expr. 
COLE (must be typed) Specify independent (x) and 
dependent (y) data columns in DAT. 

COMB (WTHNXT GENE) Compute total number 
of possible combinations of n items taken k at a time. 
CON (WTHLEERARETSA BEI) Create an array of the 
given dimensions, filled with the same constant value, z. 
(The given dimensions may be an existing array, also.) 
COND (TH) (ARIELLE) Condition of sq. mat. 
CONIC (PLOT) fT) Set plot type to Conic. 
CONJ (MTHNXT) EE OT)LEEW) Conjugate a com- 
plex number (or complex array). 

CONLIB (Jeo Us\f GOTH) Open Constants Lib. 
CONST (Jeo Us) ETE EEE) Value of constant. 
CONT (CONT) Resume execution of halted program. 
CONVERT (UNITS) EEE) Convert one unit object to 
the dimensions of another. 

CORR (qs Si Ea) Correlation coefficient. 
COS (Cos) Find cosine of z. 

COSH (MTH)AEGEEEERE) Find hyperbolic cosine of z. 
COY (star) FIT | cow} Find sample covariance. 
CR (V/A EEE) Print contents of print buffer. 
CROIR (oleae Aa RA) Create directory. 
CROSS (TH) aida GE) Compute cross product of 
two 2- or 3-element vectors. 

CSWP (TH) Gel ET GET) Swap the specified 
columns in given array (columns are.simply elements if 
given array is vector). 

CYLIN (moves ERT SEERI) Set Cylindrical mode. 
C=PX (TH User units > pixel units. 
C3R (MTHINxT EERE) Separate real and imagi- 
nary portions of complex number (or array). 

DARCY (G\eo ve) TTR) Calculate Darcy fric- 
tion factor for fluid flows. 

DATE (q\timMe\ EHH) System date (format: flag -42). 
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StackInputs -— Stack Outputs 





CC target array 1] 
CL column(s) 1] 


position 


3: 
ai 
1 


>|: 


CO result array 1] 








n+l [ column ] 
2: [ column, ] 
1: column count > 1: 


CL array 1] 







oT [[ zz... | 
{n} or inm} ; 











se "MM. DDYYYY 
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Name (keyboard access) Description 


>DATE (Q\{TiMEEEGEE) Set system date (see flag -42). 
DATE+ (q{tiMe|NxT) Deka) Calculate date which is x 
days from given date. 

DDAY'S (G\TIMEINXTERERE) Calculate number of days 
between two given dates. 

DEC (wth EEE a) Set decimal base mode. 
DECR (ojvevorr ELLEN) ) Reduce value by 1. 









DEFINE (<4) Store given expr into given name. 
DEG cua Pic MTSE) Set Degree angle mode. 





DELALARM (4 {time\GTSAeICTSWTE) Delete given alarm. 
DELAY ( LESAGE Set time delay (in 
peeks: to be allowed after each line sent to printer. 

DELKEYS (\mooes) MEE LISMEE) Delete given key 
assignment(s); use # for all; 'S' ee standard keys. 
DEPND (4) Cede. PPAR TEI) Set depend. variable. 
DEPTH (4) ree a of objects on stack. 
DET (TH) MATE AM) Matr.determinant. 
DETACH (]uiBRARY) RET AT] Detach specified library. 
DIAG? (TH) ERE xT) ORE) Form matrix of given 


dim., w/elements from Saat array as major diagonals. 







sDIAG (utH) ea (NxT) eine Inverse of DIAG+. 
DIFFEQ (\PLoT) Plot type = DIFFEQ. 


DISP (@RGINxT) ain, a. Display obj on nth line 
of display ee <n<7; line i is top line). 


00 cron MED) Begin DO loop. 
DOERR ((PRG|NxT) (TTA) Trigger given error. 
DOL 1ST (a3) AMER LCA ENED Apply program 


successively to each of n lists, placing results into output 
list in same order. (Argument n may be omitted if level- 
1 program is—or has—just a single command or user- 
defined function or a name containing such.) 

OOSUBS (Pac) EM GEE CEEMTS) Apply program to 
successive groups of n elements (from 1 to n, 2 to n+1, 
etc.) in given list; results go into output list in same order. 
DOT Compute dot product of two 
arrays of same dimension. 

DRAW (q\PLoT)EGETEI) Draw plot in PICT. 

DRAX (\PLOTIEERE) Draw axes in PICT. 

DROP (\DROP)) Drop obj from stack level 1. 


DROPN ((q\STACKINXT) EEG) Drop n+1 objects from 


stack (including argument, n). 


DROP2 (QYSTACKINXT) EEDPGE) Drop two objects from 


the stack. 
OTAG (PRG) RE XT EEE) Remove tag from obj. 
DUP (GYSTACKINXT)EEDIG) Duplicate the level-1 obj. on 


level 2 (ENTER) works, also, if Command Line is clear). 
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Name (keyboard access) Description 


DUIPN (GISTACKINXT)EIEEE) Duplicate the objects on 
levels 2 through n+1, placing duplicates on levels n+1 
through 2n, respectively (after dropping original argu- 
ment, 2, from level 1). 


DUP2 (G\STACKINXT)IEDGI) Duplicate the objects on 
levels 1 and 2, placing duplicates on levels 3 and 4, 
respectively. 


DFR (MTA OT NDE) Degrees radians. 
& ((@[4{EJENTER)) Natural log base (symbolic constant). 
EGY (MTHIREMANXT) GERM) Calculate right eigenvec- 


tors and eigenvalues Of square matrix. 

EGYL (47H) EERE (x7) EL) Eigenvalues of sq. mat. 
ELSE (PRG) [IF Start false clause. 
END (PRG) rol ERC [a ESS) End prgm. structure. 
ENOSUB (PAG IG Tee) # of DOSUB sublists. 
ENG ((Q{moves) Mena MERI) Eng. mode w/n+1 digits. 
EQ+ (PRG) al XT) GEER) Separate equation into 
the two expressions rcanoerh on either side of the =. 
EQNLIB (q\eo Le)SEERTM) Start Equat. Library. 
ERASE (eto) eis) Blank outPICT (w/same dim.) 
ERRM (PRGINXT)ISAa a ae) Last error message. 
ERRN (PAGINXT) GAD) Last error number. 
ERRG (PRGINXT) Wa) Clear last-error data. 
EVAL Evaluate obj (if it's a global name, com- 
mand or program); or put contents of obj onto stack. 
EXP ((Je*)) Exponentiate. 


EXPAN SIS Meoug ) Expand expr. 
EM Pr Cel ea) Exp. curve fit. 


EXPM (wTHll tr epee fl) High-accuracy expon. 
E'VEPT (GIPLOTINXT) : 3 LTT EE) Specify 
coordinates of eyepoint for 3-D (perspective) plot; coor- 
dinates are stored in VPAR. 

Fas (feo us) TE EGR) Fraction of total black- 
body emission in wavelengths 0 to A, at temperature T. 
FACT (must be typed) Factorial function (see also: ! ). 
FANNING MEM) Compute Fanning 
friction factor, given roughness and Reynolds number. 
FC? (ooo: TERED Test if given flag is clear. 
FC?C (Moves EMI) Test & clear given flag. 
FFT (ura) (aTHiR) dai MME) Discrete Fourier transfrm. 
FINDALARM (moves GEREN IGS) First alarm due 
after given date and time. 

FINISH (4 (/O/aVaI TEE) End Kermit Serv. mode. 
FIX (GIMOvES) oes NEL ED Display n dec. places. 
FLOOR (MTH) Bsn NXTINXT) MELT) Greatest int. < x. 
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Stackinputs => Stack Outputs 





4: obj, 
3: obj, 
ei obj, 2 obj, 
1: obj, > 1t obj 











+1! 'e' of 2. 7182818... 


1: 6CCE re matrix ]] > 1! [ eee: ] 
eee ee a 


flag number > 1 


: CLC original array 1] > 1: 
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Name (keyboard access) Description 


FOR (Pro ENGAGE) Begin FOR-NEXT or 
FOR-STEP loop program structure. 

FP (MTH) SST (NXT) BEGG) Fractional portion of x. 
FREE (must be typed) Frees the RAM of given backup 
objects or libraries previously merged in given port. 
FREE1 (q(usrary)aas4) Like FREE but only port 1. 
FREEZE (PAGINXT as) Freeze display part(s): 
1=status area; 2=Stack/command line; 4= Menu area. 
FS? (<]Moves) GRRE EGEEME) Test if given flag is set. 
FS?C (q\moves IRENIGEFIM|) Test & clear given flag. 
FUNCTION (4\PLoT Gia sb) Plot type=Function. 
GET (Pro) ESE) Extract indicated ob- 
ject from given (or named) array or list. 

GET! (ro) SEG) Extract indicated obj 
from given (or named) array or list; return also original 
object and incremented position for next extraction. 
GOR (®RG EGE EDTA) Superimpose grob, on grob , 
with upper left corner of grob, at given place in grob.. (If 
grob_isPICT, no grob_is returned.) 

GRALI (MODES) Teil) Set Grads angle mode. 
GRAPH (must be typed) Select Picture environment. 
GRIOMAP (<(etor) ELM GS Ee) = plot type. 
*GROB (RQ REREENEIEA) Create grob from given obj, 
using specified character size. 

GOR (PRG\KEGMEM EDTA) Superimpose (with b/w in- 
version) grob, on grob,, with upper left corner of grob, at 
given place in grob.. (If grob, is PICT, no grob_ returns.) 
#H (ron ETiwca mE) Multiply vert. pit. scale. 
HALT (aG|NxT) AGE EET) Halt progr. execution. 
HEAD (PRGINXTIAGIE ETE) Get first element. 

HE‘ (MTHS Ew lta) Set hexadecimal base mode. 
HISTOGRAM (G)PtoT(NxT) Ei GS CIE) Set 
plot type to Histogram. 

HISTPLOT (<q\staT) GE DIE) Draw histogram. 
HMS+ ((Qq{TIMEINXT) EES) Add two real numbers for- 
matted as times; return a time-formatted result. 

HM1S- (GTIME(NXT) IE Ega) Subtract two real numbers 
formatted as times; return a time-formatted result. 
HMS> (4 TIMEINXT) EEE) Formatted time + dec. hrs. 
+HMS (GTIMEINXT)Emes) Dec. hrs. + formatted time. 
HOME (HOME) Move to HOME directory. 

i (@{4)) Symbolic constant, V(-1). 

TON (7H) (PETA MEME) Form nxn identity mat. 
IF (PAG) N Ma MEG) Begin IF structure. 
IFERR cence ARAMA) Begin IFERR trap. 
IFFT Ea) FE Mae) Inverse of FFT. 

IFT (Pa@ IEG) Evaluate obj if #/f is not 


zero; discard obj if t/f is zero. 
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Stack Inputs > Stack Outputs 


2? Counter begin value 

I: Counter end value > : 
li xl: FP(x) 
Ct (name, ty Vs 

1: ‘> 

1: { name, 23 Ny, } > 

1? sum of display part(s) > 

Ll: flag number > 1? 1 or 
I: flag number > 1% lor @ 


2 C0 array J] or £ list} > 
1: = rowcol} or pos 1? obj 

3:CC array ]] or € list 3 
2: CC array ]] or f list} > 2% € rowcol} a OF pos 


ne. next 


1 { row col } or pos > 1? obj 
3: grob, 
2: C#n Hm} or (xy y) 
1: grob, > 13 grob. 
5 obj 
: character size > 1% grob 


grob, 
{Hn Hm} or Cx y) 
grob, > 1: grob. 
vertical scale factor ~> 
<> 


1: € fist} or "string" > 1t- element, Of "char," 


a: HH.MMSSs..., 

I: HH.MMSSs..., > 1 HH.MMSSs...,., 

a HH.MMSSs..., 

1 HH.MMSSs..., > 1: HH.MMSSs..., , 

1: HH.MMSSs... > 1+ HH.hhhhh... 

1: HH.hhhhh... > 13 HH.MMSSs... 
+1: ‘i! or CB 1) 


1: n or C0 sq. matrix ]] > 1: CC identity matrix 1] 


1: CL transform array 1] > 1 CC original array J] 
; uf _: (varies with tf and obj) 
: obj + 1* (varies with s/f and obj) 


Command Index 53 


Name (keyboard access) Description 
IFTE (CRO ERO) Evaluate obj if r/fis not 


zero; evaluate obj, if if is zero. 


IM (@TH(NXT)EE EM) Imaginary part of compix. 
INCR (]MemoryY AMER) Increment the named 
value by 1; echo the new value to stack. 

INDEP (<\PLoT/ MGR Taal) Specify the indepen- 
dent variable name and (optionally) the plotting range. 
INFORM (PRG)NxT MEI MEIETaa) Create custom input 
form; field definition def, is{ "abel" "prompt" type, type, 
... + (0 3 is OK); cols is the # of columns, tabs is the 
spacing from label to field ({ 3 is OK); reset, and initial, 
are field,’s reset and initial values (NOVAL is OK). 
INPUT (PRG) (NxT) A ET) Prompt for input on 
command line; lock out stack operations. 

IN (7). Compute reciprocal (or matrix inverse). 

IP (MTHS NXT) Integer portion of x. 

IR (WO (EEA BEE) Toggle 1/0 (infrared/serial). 
ISOL (q\symBouic) EDT) Rearrange equation to iso- 
late first occurrence of name. 

KERRM (4\/O\NXT) EES) Most recent Kermit error. 
KEY (PRe)(NxT) ESS) Return 1 and the keycode 
location if a key is pressed; return if no key is pressed. 
KGET (ei) Get object via Kermit. 
KILL ((@RG\NxT) [CERME) Cancel halted program. 
LABEL Label axes in PICT. 
LASTARG orLAST (GYARG) Return arguments of most 


recently executed command. 


LCD+ (PROEREE OX IEEES) Make grob from display. 
2LCD (PRa)KEGE xT) EES) Display given grob. 
LIBEVAL (mustbe typed) Dounlisted library command. 
LIBS ((\UiBRARY MEH) Libraries attached to curr. dir. 
LINE (Pre) Draw line in PICT between 
given coordinates 

ELINE (qs SG BE) Best fit w/curr. model. 
LINFIT (4\sTaT Reale Linear model. 
LININ (PRG) GPREVEEIE]) Test if given expr 
is linear in named variable. 

LIST (must be typed) Decompose given list into its 
constituent objects, placing these on the stack in order, 
followed by index, n, indicating size of original list (see 
also OBJ). 

>LIST (fro) SGI EYEE) Construct a list using, in 
order, the first n objects found on the stack (after first 
removing argument 7). 
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StackInputs - Stack Outputs 


(amyl > 1t 










start (optional) 
{ name start end } > 





Zt . prompt" 


1: aon value" > 1? "result" 








Zi obj, 
1: n>? £ obj, obj,... obj, 3 


Command Index 55 


Name (keyboard access) Description 


2LIST (TH) EG EEERD) List elements’ sum. 

aL IST (TH) (THT) List elements’ differences. 
TLIST @@7H) ED List elements’ product. 
LN (LN) Natural (base e) logarithm. 

LNP1 (TH) AEG OXT) GES) Better LN for x ~ 0. 
LOG (Gytog)) Common (base 10) logarithm. 

LOGFIT (G\stan eG GETTER) LR model=log. 
LO (MTH) itl ee) Factor the given matrix, 
A, into 3 other matrices, L, @, and P, such that Px A = 
L x Q; Lis lower-trapezoidal, and @ is orthogonal. 

LR (e7aT EE) «Compute linear regression 
coefficients we <<. selected fit model. 

LSQ (TH) Ea ee Find minimum-norm least- 
squares solution: to “sa system A x X =B. 

LU (WT EASA) Factor the given matrix, 
A, into 3 other matrices, L, U, and P, such that Px A = 
Lx U; L is lower-triangular, _ U is upper-triangular. 
MANT (TH) (cra oc ) Mantissa of argument. 
THATCH (GISYMBOLICINXTIER ai Replace occurrences 
of pat he se fa expr,, Starting with innermost clause. 
MATCH (GYSYMBOLIC(NXT)Eamil) Replace occurrences 
of pat with repl in expr.,, starting with outermost clause. 
MAY (TH) EET EEE) Find the greater of two given 
arguments. 

MASP (MTHINXT) Eee (NXTbda) Greatest absolute 
value that can be tabceacae in machine. 


MAKE (& cman ZDAT column maxima. 
MCALC ( (oi asa Gatel) MES calc. values. 
MEAN (\staT) aie EAN] XDAT column means. 
MEM (memory) lama) Bytes of RAM now available. 
MENU (Modes EET: I) Display indicated menu. 


MERGE (must be ood) Merge port 1 RAM & main RAM. 
MERGE (YUIBRARY) Like MERGE, but no arg. 
MIM (7H) te aci Find the lesser of two given 
arguments. 


MINEHUNT (<JEo ue) iTS GIT) Minehunt game. 






MINIT (G\Eo Us) EIT) Createllpar for MES. 
MIN (MTHINXT ea NXT Ela) Least non-zero ab- 


solute value that can be represented in machine. 

at (q\staT) ERE EI) EDAT column minima. 
alae delidel) Change title and menu 

pes of Multiple Equation Solver (MES). 

Moo (wTH) Te Ee) ) Compute modulo remainder 

of x/y, defined as x mod y = x — y-floor(x/y). 

MROOT (JES 1B) Find a root via MES. 

MSGBOK (PRGINXT} [iEie1) Show message box. 










MSOLYVR (Jeo Us) SSE) Get MES menu. 
MUSER (Jeo U6) Big EME) MES input values. 
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a C0 @(nxn) J] 
: [ 


P(mxm) 1] 







ra [CBllorfB] 
: [[A]]— [0 xllor[ x] 






' expr,' 2 


1 tt 1 expr, 
{ ' pat! 'repl | Sah 










or 
9.99999999999E 499 


Command Index 57 


Name (keyboard access) Description 


NDIST (THT IG 
probability distribution at data value x, assuming mean 
m and variance v. 
NEG (7) eae or sange sign of argument. 
NEWOB (Q(MEMony)ETEET) Create new version of given 
ri (so that original version may be purged). 

EXT (Pra) Sate MED ETM) End FOR or START 
ie structure. 
NOT (RGSS OXDELEE) Logical opposite of arg. 
NOVAL (P Tr [MDMA ) Empty field in INFORM. 
NSUB (re) EIS Ei) DOSUBS sublist pos. 
NUM (\cHars) BETTE) Code of first character in string. 
+NUM (ENUM) Numeric value of symbolic arg. 
NUM (@\PLor(NxT MET EGTA xT) ETE) Set the 
number of x-steps per y-step in 3D perspective plots. 
NUMY (\PLOTINXT ET Ge Set the 
no. of y-steps in view volume of 3D perspective plot. 
NE (ise SE Number of rows in ZDAT. 
OB+ (PRG) GE EERE®) Separate an object into its 
components and place those components, in order, on 
the stack. (For some object types, such as a matrix, 
vector or list—shown here—the dimension or number of 
ae is returned to level 1.) 










OCT (TH) (MTH IEEE ETS Set octal displ. for binary int. 
OFF (PRG)NXT) (NxT)EE) Turn off calculator. 


QOLOPRT (10) PRTPATT PTT) Adjust PRTPAR 
to prepare for IR printer. 


OPENIO (47O NXT ESE 






ACTS) Open serial/IR port. 


OR (CRG) RSS NXT) BET) Logical OR of two given 
arguments. 


ORDER (<\memory MTA) Reorder VAR menu. 


OVER (stack) MEH) Make copy of level-2 object 
and return the copy to level 1. 






PARAMETRIC ()pcon ia — fils) Parametric ptype 
PARITY (Ivo) sent lt Giaks) Set parity in \OPAR. 


PARSURFACE (EieioT we MET GRE) Set 
plot type to Metco hae 

PATH (4\memory) MU IGEN) Path of current dir. 
PCOEF (4\So.ve) SLIM Ga) Compute monomic 
polynomial with given real or complex roots. 
PCONTOUR (\PLOTINXT MELE GG) Set the 
plot type to PCONTOUR. 

PCOY (star ME OTE) ZDAT pop. covar. 
POIM (CRG) BGG) Create a blank grob of given 
dimensions and store it in PICT. 

PERM ( ul) Compute the number of 
possible permutations of n items taken k at a time. 
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Command Index 59 


Name (keyboard access) Description 
PEVAL (<\soive) SG GERETS) Evaluate polynomial 


with given coefficients at given value, x. 

PGDIR (4\memory) Mal GERI) Purge directory. 
PICK (4\STACK) GEM) ~Make a copy of the object 
found at the stack level indicated (after removing argu- 
ment n); put this copy onto the stack. 


PICT (Pac) Mi Gla) Put PICT on stack. 
PICTURE (PICTURE) Select graphics display & menu. 
PINIT (Q{UIBRARY|NXTIeIEm) Initialize all active ports. 
PISOFF (PRG) ENXTIGIED Ta) Turn off pixel in PICT. 
PTAOM (PRG) Ram NXT)GIEDTS) Turn on pixel in PICT. 
PIX? (PRQ)MEI (OD EERE) Test pixel in PICT. 
PET (ie) SRR | PET ) Send command packets to, 
and receive requested data from, a Kermit server. 
PhA (must be typed) Set upper right limits of PICT. 
PIIM (must be typed) Set lower left limits of PICT. 
POLAR (4)PLoT) GLE) Set plot type to Polar. 
POS (Q{CHARS) MGM) Find position of obj in list or sub- 
string in string. 

PREDY (must be typed) Same as PRED’. 

PRED (stat) Gat) Find indep. value, x, 
given dep. value, y, and current ZDAT and LR model. 
PRED (GIStAT) MME) Find depend. value, y, 
given indep. value, x, and current ZDAT and LR model. 
PRLCO (qo) GAR GEE) Print image of display. 
PROMPT (PRG|NXT/MIME(OT) GEE) Show prompr in 
status area and halt program execution. 

PROOT (q\sowe) TE GEEEH) Roots of polynomial. 
PRST (4\/O) GA IGGER) Print all stack objects. 
PRSTC (4(/O GA REGEEEE) Compact format of PRST. 
PRVAR (\iO) Ga GaGa) Print given variables. 
PRI (<4{/0) GH) Print obj in multi-line format. 
PSDEY (STAT ERE OGRE) XDAT pop. sdevs. 
PURIGE (<G\PuRG)) Purge given vars. and (empty) dirs. 
PUT (ro) i ESSE) EG) Replace position in 
given list (or given t row col } in given array) with given 
obj; return result if original was unnamed. 

PLT] (ero) ME SEG) Replace position in 
given list (or given £ row col } in given array) with given 
obj; return result (or original name) and next position. 
PYAR (STARE OT IGE) DAT pop. varnces. 
PVARS (G/UBRARY guises) List of variables in specified 
port, p, and its available RAM memory, if applicable. 
PYTEW (Pra) SE XT) GEE) Display PICT with its 
specified coordinate at upper left of display. 


PURFIT (<]staT eal [Taial) LR mdl.=Power. 
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1: "name! > 


PIC 


1: {#n#m3} or (uy) > 


2: "data" 
"hy et +18 Wea oe colt 


ie . Lay y2 


| 











a1 ; { list } or "string" : 
obj or "substring" > 1 


ron 
cid 
$ 
nm 
= 
g 
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— 
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* 


_ 
— 


> [ coeff. coeff_,...] > 1% [ root, root,... 






° 
= 
4 


: { name, name,... } > 


=f list, $ or 'name' 
age . 1 
position @ { list, 3 or ‘name 
obj > position+1 


erg 
ne 
. - - 


gig ODE Ns. 23 ‘pin, J 
pol memory 


_— 
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Command Index 6 


~~ 


Name (keyboard access) Description 


Parl (PRagRI EL) Pixel coord.*user units. 
20 (4) ea Rationalize argument. 













+01 (4S Eaenim) Rationalize with x factor. 
QR (MTA) ie AMEE) Factor the given matrix, 


A, into 3 other malices. Q, R, and P, such that A x P= 
Q xR; R is upper-trapezoidal, and @ is orthogonal. 
QUAD Solve expr, for name, using 
2nd-deg. Taylor expans. to convert expr, to quadratic. 
LIUOTE (G[SYMBOLICINXT|NXT)EEDERH) Unevaluated arg. 
RAD (4) (lea) Set Radians mode. 

RAND ((MTH) ia FOE [rent ) Get pseudo- -random #. 
RANK ((MTH) aga ) Rank of matrix. 
RANM (MTH)Iballa oe eae random mat. 
RATIO (must be typed) Algebraic form of “ (division) 
function. 









RCEQ (<\PLoT) EM) Recall contents of EQ. 
RCI (wTH ee aM) Multiply indicated row 


n Of array, by factor (note that vectors are treated as col- 
umn matrices). 

RCIU (OTH EEA ET EG) Multiply row i of giv- 
en array, by factor, then add result to row j (note that 
vectors are treated as column matrices). 


RCL (@YRCD) Recall named object to stack. 

RCLALARM (qitime\ETagIGa eT) Recall given alarm; 
result has action taken & interval in ticks (1/8192 sec). 
RCLF ((& (MODES) Recall flags. 
RCLKEY'S ((JMobES) [MEH) Rel. assigned keys. 
RCLMENU (\MoDES SET) Rel. current menu. 
RCLE ( SGM RATA) Recall ZDAT. 
RCWS (TA IEEE Rel. curr. bin. wordsize. 
ROM (TH) Catal ait GE) Redimension array, 
as specified (if array, is named, nothing is returned). 
ROZ (MTA NXTIGEDE GREW) New seed for RAND. 

RE ((MTH)(NxT) El MEGS) ~Real part of argument 
RECN (io) axT Se im — & name Kermit file. 
RECT (moves) ETE Set Rectangular mode. 
RECY (47S) ReceveKemtleaady aed 
REPEAT (Protas Ht (CSG aws) WHILE loop clause. 

















object, beginning at aded ices The obj, and repl 
objects may be strings, arrays, lists, or grobs. 

RES (cate FP he) Set plot resolution. 
REST f240')}) Get HOME dir backup. 
SG ETGE LIST FREVLI Reverse list elements. 
REF (\sowve) {GS EEE) Find solution to initial- 
value differential suallons via Runge-Kutta-Fehiberg 
(4,5), given tolerance, final value & names of variables. 
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Command Index 63 


Name (keyboard access) Description 
REFERR (<\sowe) Mga Gada) Estimate absolute 


error for given step when solving initial-value differential 
equation, via Runge-Kutta-Fehlberg, given (right-hand 
side of) equation and names of variables. 

REFSTEP (<\sowve) daa Gee) Find next Runge- 
Kutta-Fehlberg solution step of initial-value differential 
equation, given variable names, step, ,,.., and tolerance. 
RL (TH) (xT) EG EG) Rotate left 1 bit. 
RLB (wT HERE EEE) Rotate left 1 byte. 
RNO (TH) AGS NXTINXTEERE) Round value, ton 
decimal places (for 0 <n < 11); or to n significant digits 
(for n < 0); or to current display setting (for n = 12). 
RRM (TH) feed hed GT) Row norm of array. 
ROLL (stack) Rotate the contents of the bot- 
tom n levels of the stack (after consuming argument n) 
by rolling each obj up a level (except for obj,, which goes 
to level 1). 


ROLLO (stack) GTEE) Rotate the contents of the 
bottom n levels of the stack (after consuming argument 
n) by rolling each obj down a level (except for obj,, which 
goes to level n). 


ROOT (\SoweEREELDE) Find root value of given 
variable—i.e. that which gives result nearest zero in the 
given prgm or expr, starting with the given guess(es). 

ROT (q\sTack) MMM) Rotate the contents of the bot- 


tom 3 levels of the stack by rolling each obj up a level 


(except for obj,, which goes to level 1). 

+ROW may MATE] Rov Teor} Decompose given 
array into rows, placing rows in order on the stack, fol- 
lowed by the row count. Vectors are treated as column 
matrices. 


ROb+ (7TH) Ena Ee ee) Insert array, into 


array ,, beginning at indicated position. 


ROW- (wth) Ea AGE GEE) Delete row n from 


given array,; return resulting array, and deleted row. 
ROW? (aTH) Ea EE EEE) Build array from n 


given rows. Vectors are treated as column matrices. 


RR (MTHS xT EL EG) ‘Rotate right 1 bit. 
RRB (wTH GEE aim) Rotate rt. 1 byte. 
RREF ((vTH)iehiial Gita Mada) Convert a (square) 


matrix to its reduced row echelon form. 
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Stackinputs => ack Output 





3: f name, name, €q,,.,3 3% name, Me, CF en, 
2: abs. error tolerance 2! abs. error tolerance 
1 


: step, > Lt step 








obj, et obj, 
nolt cernngs OO 





; obj, 
2 : obj > 2 : obj 1 
1 1: j 


ob, 





[ array, 1 
[ array, ] 
position >]: 


Command Index 65 


Name (keyboard access) Description 


RRK (@)soive) Ma Miia) Find solution to initial- 
value differential equation via Rosenbrock, Runge-Kutta, 
given tolerance, final value, the variable names and their 
igs derivatives. 

RRESTEP (q [sows Maa GE) Find next solution 
step Of an initial-value differential equation, using either 
method (RKF =1; RRK =2), given the variable names and 
their partial derivatives, and the step and tolerance. 


initial’ 


RSBERR Estimate absolute 
error for given step, ,,,, when solving initial-value differ- 
ential equation, via Rosenbrock method, given (right 
side of) equation and the names and partial derivatives ot 
the variables. 

RSD (TH) {EERE NXT) EGER) Compute residual of ar- 
rays B, A and Z, defined as B — AZ. (If B and Z are vec- 
tors, the solution ball be a vector, also.) 

RSWP (TH) ete Hael@) Swap indicated 
rows i andj of given array, (note that vectors are treated 
as column matrices). 

R>B (Guus) EASE | RE ) Convert realinteger to binary. 
R>C (MTHINXT) Eg EELS) Convert two real num- 
bers (or arrays) to one complex number (or array). 
RD (MTH)GEGIEINXTNXTEGE) Convert rad. to deg. 
SAME (PAG) MiG NXT) EElala) Test if two objects are 
identical (same as == except ai symbolic objects). 
SBRE (4\/0)(\x7) SAE EEG) Interrupt serial trans. 
SCALE ((\PcoT GN NxT ERIM) Set horizontal and 
vertical plot scales (adjusts first 2 PPAR parameters). 
SCATRPLOT femeeey pcnt fecatel Draw scatterplot. 
















SCATTER (QPLOT XT SERED) Set Ptype 
SCHUR (TH) ae ENT) Find Schur decom- 


position of matrix A, so that A = Q x T x TRN(Q). 
SCI (Moves MEE) Scientif. disp. sig. digits. 
SCLE (must be ee) Autoscale PPAR for scatterplot. 
aE ee  ARITH ETS 8) Conjugate value. 
SOE (Ystat) Sm BUEE EIB) XDAT (sample) sz. devs. 
SEND ee Copy objects to Kermit device. 
SEL! (Pro) (NxT ESE) Repeatedly evalu- 
ate obj, using a (globally or locally) named index value 
that ranges from start to finish, varying by the indicated 
increment for each repetition; return results (in order) ina 
list. 
SERVER Select Kermit Server mode. 
SF (MODES) ET) Set indicated flag. 
SHOW (\SY¥mMs0LCc) EET) Explicitly show all implicit 
occurrences of name in expr. 


SIDENS (Jeo us) TENTS) Silicon intr. density. 
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Command Index 6 


N 


Name (keyboard access) Description 


SIGN (MTHS OTE) Sign (+) of a number. 
SIMU (Q\PLoTiNxT) ETE ETE) Toggle Simultane- 
ous Plotting mode on/off. 

SIN (GIN) Sine of given argument. 

SINH (MTHS ETE) Hyperbolic sine of arg. 
SINY (/Mewory) ETN xT) IEEE) Replace named 
value with its inverse. 

SIZE (([CHARS)|EXEE) Return the dimensions, length, 
or number of elements in the given obj. 

SL (TH) EEE OT ME ETE) Shift left 1 bit. 
SLB (wTHIEE Ea (xT) ES SEG) Shift left 1 byte. 
SLOPEFTELD (@iPtorxT MERGES ETS) Set 
plot type to Slopefield. 

SNEG (]MEMORY) Ean (NXT) ERTS) ~Replace named 
value with its negative. 

SNRM (THERA aes) Array spectral norm. 
SOLVEGN (jE Ue) EEYS) Start the solver for 
equation with the given subject no. and title no.; put that 
equation’s picture into PICT ifindicated by level-1 value. 
SORT (TH) EET) Sort list elem. (ascending). 
SPHERE (Moves) Eailaa) Set spherical mode. 


Si ai] CEE the given argument. 

SR (TH IEEE 7 ME EG) Shift right 1 bit. 
SRAD (MTH MEERA gNE ial) Matrix spect. radius. 
SRB (MTHIGEEEE xT EE EGE) Shift right 1 byte. 
SRECY (\/O\NXT) Ean Bay) “Read string of up to 
n Characters from serial buffer; indicate if error occurs. 
STHRT (PAGEGRIN Elan sla) Begin definite loop 
structure. 

STD (Modes ER) Standard display mode. 
STEP en CE Ea En End definite loop 
structure and define counter increment. 

STEQ (G\PLOT(SEME) Store obj into EQ. 

STIME (G(/O\NxTESA Eas) SRECY/AMIT timeout. 
STO (STO) Store obj into given name. 


STOALARM (Gtime) EEA EI EES) Store given alarm. 
STOF (Moves) Ete Set flags as indic. 
STOKE''S (Moves) {aie EEL) Assign keys as ind. 
STO+ ((\MEMORY Gan Add obj to named val- 
ue (or vice versa); store result into name. 

STO- (MEMORY) GARGS) Subtract obj from the 
named value (or vice versa); store result into name. 
STO* (G[Memory) ETE EEES) Multiply obj by named 
value (or vice versa); store result into name. 

STO’ (Iwemory RENEE EM) Divide obj into named 
value (or vice versa); store result into name. 


STOE (QQ STAT EERE GEE) Store obj into ZDAT. 
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Command Index 69 





Name (keyboard access) Description 
STREAM (Pre) Gta BS) Evaluate obj re- 


peatedly, using as argument pairs each successive list 
element & previous result (first time use ele, and ele,). 
STR+ (must be typed) Functions as OBJ+ on a string. 
+STR (PRG) Convert obj to string. 
STWS (TH) (NXT) BREE) Set binary wordsize. 
SUB (CHARS) BEG) Extract portion, p, of list, string 
or grob, as indicated by start and end positions. 


SVO (MTH {EMAL ELTON) Compute singular val- 
ue decomp. of matrix A, such that A = U x diag(S) x V, 
where S contains the singular values of A. 

SVL Matrix sing. vals. 
SLAP ((\swaP)) Exchange contents of first two levels in 
the stack. 

S'YSEVAL (must be typed) Eval. obj. at system address. 
%T ((MTH) HEGRE) Compute the percentage of x 
represented by y. 

+TAG Create tagged object from 
given obj and given tag, name, or value (x). 

TAIL (Q{CHARS|NXT)MEI) Cut first elem. (str. or list). 
TAN ((TAN)) Tangent of argument. 

TANH (MTH)MC Rall GEN) Hyperbolic tangent of arg. 
TAYLR Calculate nth order Taylor's 


polynomial in name for given expression. 


TDOELTA (Jeo Le ix LE) Calculate change 
(difference) between given temperatures. 

TEACH (must be typed) CreateEXAMPLES subdirectory. 
TERT ((PRGINXT) fim) Display stack display. 
THEN (Pra) Begin true clause of 
IF structure (if argument is frue). 

TICKS (G{time) IES) System time (8192 = 1 sec). 
TIME (4 (time) MET) System time (HH.MMSSs). 
>TIME (itiMe)ERGTEN) Set system time (HH.MMSSs). 
TINC (Geo Le) TATE OXTGIRDE) Find a new temp- 
erature given initial temperature and change. 

TLINE ((PRG)MLEEE ETS) Toggle every pixel in PICT 
along line between given coordinates. 


TMENL ((mooes | EXMIGEI) Display given menu 
(but do not change contents of CST). 


TOT (4\sta) FGETS) Sum =DAT columns. 

TRACE (ute EEASELEG] OLE) Trace of matr. 
TRANS IO (qVOILEALEEE) 1/O char. transl. option. 
TRN (TH) iat Transpose of matrix. 
TRNC (MTH)GELI(NXTINXT)GEST) Truncate to n dec. 


pl. (1<n<11), nig. fig. (n<0), orcurr. disp. mode (n>11). 


TRUTH (\PtoT) Set plot type to Truth. 
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binary wordsize > 





value, 
1: n>: 
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Name (keyboard access) Description 
TSTR ({time) Create a string from 


given time and date; include corres. day of week (dow). 
TVARS ((G\MEMORY iiss) List all variables (in current 
directory) of given object eis). 
TUM (\Soive EDTA) Disp. TVM Solver menu. 
TYMBEG («00 MET) Set TVM Begin mode. 
TYVMEND (<\sowve EET) Set TVM End mode. 
Th ROOT ai GiER ETT) Solve for given var. 
TYPE cae TEST (ae TPE} Return type of obj. 
UBASE (4\unTs)[TEREI3) Convert argument to SI units. 
UFACT (\unTs)/UGRTa) Re-express argument unit, to 
include given factor unit,,. 
sUNIT (yunTs) GET) Create unit object by combin- 
ing x and unit portion of y. 
UNTIL (RoE) Begin test clause of 
DO...UNTIL loop. 
UPOIR (uP) Move up one directory level. 
UTPC (TANT IED LG) Probability of ex- 
ceeding x with randomly chosen value in chi-square dis- 
tribution with n degrees of freedom. 
LITPF (wTH\NxT AGERE NxT GE) Prob. of exceeding 
x with randomly chosen value in Scie s F distribu- 
tion, with n, andn,as num. and denom. deg. of freedom. 
TPN (MTR IEEE EEL) Probability of ex- 
ceeding x with randomly chosen value in normal distri- 
bution with mean m and variance v. 
LITPT (TH NxT GEE xT) EGE) Probability of ex- 
ceeding x with randomly chosen value in Student’s T 
distribution with n deg. of freedom. 
UVAL SE EE Num. part of given unit object. 
WAR (\StAT) Be EET) Compute sample 
variance for each column in XDAT. 
WARS (4) List all vars. (curr. dir). 
VERSION (must be typed) Show software version num- 
ber and a sa of ss 48G/GX. 
TYPE (© (Ce RRR oc AR Obj. type in name. 
aM? (MTH) Se TF iconen given two values to 
complex number or ms laa (in current coord. mode). 
23 (MTH)TSAEZEM) Convert given three values to 
3D vector (in current coordinate mode—Rectangular, 
Cylindrical, or Spherical). 
> (wTH) {a BEES) Decompose a vector or com- 
plex number into its constituent elements; put these, in 
order, on the stack. For arguments with less than four 
elements, results will reflect current coordinate mode. 
((Q{PLOT aa LRNXT ETE) Widen horiz. pit. scale. 
WAIT (PAGINxT) MMM EEI) Suspend program ex- 


ecution for given interval or until key is pressed. 
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Stack Inputs > Stack Outputs 


2: date 
1: time > 13 " dow date time" 
li { type(s) } > 13 { name, name, ... } 
1: "name," +]: value jn, 
1: obj > 1? object type 
1: x_unit > 1% y_ SI-unit 
Zi X_unit, 
2 y..unit, > 1? x_.unit,© unit, 
: x 
1: y_unit > 1: X_unit 
rad n 
1: xol UTPC(n,x) 
3: n, 
ge n, 
1: x >|: UTPF(n,,n,,x) 
at m 
a v 
1: x7 UTPN(m,y,x) 
gt n 
It xl: UTPC(n,x) 
1: x_unit > 1? x 
>|: [ var, var, ... ] 
>i: { name, name, ... 
2? "software version no." 
+1! "copyright message" 
B ‘name’ > 13 object type 
ce x 
li yoli [x yl or Cx y) 
3: a 
gi b 
1: col. bab cl 
nt ele, 
2: ele, 
1: [ ele, ele,... ele, ] >]: ele, 
1: widening factor > 


1 interval (seconds) orf > 1% — (nothing) or keycode 
(or-1 for curr. menu) 
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Name (keyboard access) Description 


WHILE @r@iE a ETIESETIeS) Begin WHILE loop. 

WIREFRAME ((Q\PLOTINXT) METS falda) Set 

plot type to Wireframe. 

WSLOG (must be typed) Return strings showing four 

most recent warmstart events. Each event is of the form 
" code~date time" , where code is one hex digit soca 

the reason for, or nature of, the event. 


EA (Qs EI a) Sum indep. var. in DAT. 












ERNE (Sine curds [EH* £3) Sum (ind. var.)?in [DAT. 
ACOL (Q\StaT) ae ETT) Identify 2DAT ind. var. 


HITT (Gio ESET) Send data string seri- 

ally (no Kermit); return unsent portion and success f/f. 
SOR (PRG) NXT) Compute Exclusive OR 

of given arguments. 

MPON (MTHS NXT Ee) Exponent of arg. value. 

MRECY (QO (NXT) Receive via XModem; store. 

ARNG ()PLoT) Iie Eiaislel) Specify x-axis display 

range in PPAR. 

“ROOT (GXx) Calculate the “xth” root of the given ar- 

gument, y. 





of view volume in VPAR. 

ARNG (G\PcoTINXT MEL MEET EEGEE) Specity x- 
range of input plane in VPAR. 

24) (GISTAT) TEE ERERE) Sum (independent var. 
x ppc var.) in ZDAT. 

ig) SUM depend. var. in =ZDAT. 
sine aes aincare Sum (dep. var.)2in DAT. 
YCOL (San BERET) identify [DAT dep. var. 
YRNG (4q\ecoT) IGG BGRIE) Specify y-axis display 
range in PPAR. 

YSLICE (GPLOTINXT MEME GS EMT) Set Plot 
Type to Y-Slice. 

YVOL (GiPLoTxT ERT TARETTE) Specify depth 
of view volume in VPAR. 

YYRNG (GIPCOTINXT MERE GET EET) Specity y- 
range of input plane in VPAR. 

ZFACTOR (€&) (4 )€0 us) (iy Ea) Compressibility of 
non-ideal, a el as at reaiced nae & pressure. 
ZVOL ) Specify height 
of view hin in TVPAR. 

+ ((+)) Add the two given arguments (also valid for com- 
bining arguments of many types). 

~ (©) Find the difference of the two given arguments 
(also valid for combining arguments of many types). 

* ((x)) Multiply the two given arguments (also valid for 
combining arguments of many types). 
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Command Index 75 


Name (keyboard access) Description 


¢ (@) Find quotient of the two given arguments (also 
valid for combining arguments of many types). 

“ (Y*) Raise the first argument to the power of the 
second argument. 

< (RQ EES EE) Test if first argument, x, is less 
than second argument, y. 

é (PRG) i BEG) Test if first argument, x, is less 
than or equal to second argument, y. 

> (PR@ESREEME) Test if first argument, x, is great- 
er than second argument, y. 

= (PRqIESR EE) Test if first argument, x, is great- 
er than or equal to second argument, y. 

= (=) Equate two arguments in a symbolic expres- 
sion. 

== (PRO ES) Testif first argument, x, is equal 
to second argument, y. 

* (PRq) ESR MER) Test if first argument, x, is not 
equal to second argument, y. 

| (MTHINXT) GG EEE)“ Factorial or Gamma func. 
f (GE) Integrate given integrand with respect to named 
variable from limit, to limit, . Results may be either 
numeric or symbolic, depending on the state of Flag -3. 


4 (Pf) Differentiate given expression with respect to 
named variable. 


% (MTHS EM) Compute x percent of y. 


Tt (q{m) Return 't' or its numeric equivalent. 
= (=) Compute the sum of summand for index values 
ranging from start through finish (in increments of one). 


2+ (Q\staT (EERE EEE) Add 1 or more data points 
to XDAT. Use multiple stack levels for more than one 
point of 1-value data; use a vector for one point (and a 
matrix for more than one point) of multi-value data. 
2- (STAT EERE ESS) Last values in [DAT via E+. 
I (eX) Square root of argument. 

. (PIL) Attach given unit to given real number. 


| (<JSYMBOLIC|NXT) EM) Substitute the given values 
(numeric or symbolic) for the given names in expression. 
+ (PD) Bind given objects, in order, to the respective 
local names supplied following this command. 
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Stack Inputs > Stack Outputs 


éi Z, 
1: Apt 2,42, 
ge w 
1: zol: w 
2: x 
1: you H or 1 
et x 
li youl: H or | 
a x 
Li yok H or 1 
et x 
1: yo H or 1 
a z 
Y zy Ii ety 
et x 
1: yo: H or 1 
2: x 
1: yo: 8 or 1 
1: norx-> li n! or T(x+1) 
4: limit,,.., : 
3! limit, 
et ' integrand 
li "name' -> 1® integral or ' integral! 
a ' expression' 
lt ‘name' > 1t ' derivative! 
Zi x 
1: ys xy/100 
> 1!'tt' or3. 14159265359 
4: " index' 
3: start 
gi finish 
1: " summand' > 1? sum or | expr. 
m* x, (or nothing) 
gt x,., (or nothing) 
ltxorx orl X, xX, eto = 
= 1! £x,2,..5,) 
1: zolt Vz 
at x 
1: ‘wit! > 15 x_unit 
ei ' expression, 
lt ft n, ae n, we wo ' expression, 
n* obj, 
et obj.,, 
1: obj, > 
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System FLaGs (¢ = default) 


Description of States 


QUAD and ISOL return all possible sols. 
QUAD and ISOL return principle solution. 
Symb. const. stay symb. (if Flag -3 is clr). 
Symbolic constants eval. to numbers. 
All symbolic arguments stay symbolic. 
Allsymbolic arguments eval. to numbers. 
(unused) 

(unused) 

6th bit (value 32) of binary wordsize is 1.* 
6th bit (value 32) of binary wordsize is 4.* 
5th bit (value 16) of binary wordsize is 1 .* 
5th bit (value 16) of binary wordsize is H.* 
4th bit (value 8) of binary wordsize is 1.* 
4th bit (value 8) of binary wordsize is 4.* 
3rd bit (value 4) of binary wordsize is 1.* 
3rd bit (value 4) of binary wordsize is 8.* 
2nd bit (value 2) of binary wordsize is 1.* 
2nd bit (value 2) of binary wordsize is 8.* 
1st bit (value 1) of binary wordsize is 1.* 
1st bit (value 1) of binary wordsize is 4.* 
HEX or OCT mode (dep. on Flag -12). 
DEC or BIN mode (dep. on Flag -12). 
HEX or BIN mode (dep. on Flag -11). 
OCT or DEC mode (dep. on Flag -11). 
(unused) 

(unused) 

TVM calcs. use BEGIN payment mode. 
TVM calcs. use END payment mode. 
Spherical coord. mode (if Flag -16 is set). 
Cylindr. coord. mode (if Flag -16 is set). 
Polar coordinate mode. 

Rectangular coordinate mode. 

Radians angle mode. 

Not Radians angle mode (see Flag -18). 
Grads angle mode (if Flag -17 is clear). 
Degrees angle mode (if Flag -17 is clear). 
22 creates complex number. 

+2 creates 2-D vector. 

Underflow treated as error. 

Underflow returns 4; sets Flag -23 or -24. 
Overflow treated as error. 

Overflow sets Flag -25 and returns 
(272. 499. 


*The system binary wordsize is defined as a value 1 
greater than the sum of the bit values of Flags -5 to -10. 
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System FLaGs (e = default) 


Flag 
-22 Set: 


° Clr: 
-23 Set: 
© Clr: 
-24 Set: 
° Clr: 
-25 Set: 
© Clr: 
-26 Set: 
° Clr: 
-27 Set: 
¢ Clr: 
-28 Set: 
¢ Clr: 
-29 Set: 
© Clr: 
-30 Set: 
° Clr: 


-31 Set: | 


¢Clr: 
-32 Set: 
¢ Clr: 
-33 Set: 
© Cir: 
-34 Set: 
° Clr: 
-35 Set: 
© Clr: 
-36 Set: 
° Clr: 
-37 Set: 
°Clr: 
-38 Set: 
¢ Clr: 
-39 Set: 
© Clr: 
-40 Set: 


° Clr: 


-41 Set: 
¢ Clr: 
-42 Set: 
¢ Clr: 


Description of States 


Infinite result sets Flag -26 and returns 
(+)9. 99999999999E 499. 

Infinite result treated as error. 

Negative underflow condition exists.* 
No negative underflow condition exists. 
Positive underflow condition exists.* 
No positive underflow condition exists. 
Overflow condition exists.* 

No overflow condition exists. 

Infinite result condition exists.* 

No infinite result condition exists. 
Display symbolic complex as 'x+y#i'. 
Display symbolic complex as ‘(x5 4)'. 
Plot multiple equations simultaneously. 
Plot multiple equations serially. 

No axes drawn for 2-D and stat. plots. 
Axes drawn for 2-D and stat. plots. 
(unused) 

(unused) 

No curve filling between plotted points. 
Curve filling between plotted points. 
Graphics cursor inverse of background. 
Graphics cursor always dark. 

/O sent to IR (infrared) port. 

I/O sent to serial port. 

Print output to serial port (if Flag -33 clr.). 
Print output to IR (infrared) printer. 

(/O objects sent in binary form. 

1/O objects sent in ASCIl form. 
Matching name overwrites in I/O receive. 
Matching name changes in I/O receive. 
Double-spaced printing. 

Single-spaced printing. 

No linefeed added after each print line. 
Linefeed added after each print line. 
/O messages suppressed. 

VO messages displayed. 

Clock always displayed. 

Clock displayed only with TIME menu. 
24-hour clock format. 

12-hour clock format. 

DD.MM.YY date format. 

MM/DD/YY date format. 


*This flag is set only if condition is not treated as error. 
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Flag 


-43 


-44 
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SysTEM FLAGs (¢ = default) 


Set: 


° Clr: 


Set: 


Set 


¢ Clr: 


Set: 


¢ Clr: 


Description of States 


Unackn. repeat alarms not rescheduled. 
Unackn. repeat alarms rescheduled. 
Ackn. alarms retained in alarm list. 
Ackn. alarms deleted from alarm list. 
1st bit (value 1) of displ.-digit count is 1. 
1st bit (value 1) of displ.-digit count is 4. 
2nd bit (value 2) of displ.-digit count is 1. 
2nd bit (value 2) of displ.-digit count is @. 
3rd bit (value 4) of displ.-digit count is 1. 
3rd bit (value 4) of displ.-digit count is 8. 
4th bit (value 8) of displ.-digit count is 1. 
4th bit (value 8) of displ.-digit count is 4. 
FIX or ENG mode (dep. on Flag -50). 
STD or SCI mode (dep. on Flag -50). 
SCI or ENG mode (dep. on Flag -49). 
FIX or STD mode (dep. on Flag -49). 
Fraction mark is » (comma). 

Fraction mark is . (period). 

Level-1 object displayed on 1 line. 
Level-1 object displayed on up to 4 lines. 
Display all parentheses in alg. expr. 
Suppress some parentheses in alg. expr. 
Relatively small singular matrix values 
not converted to 4; DET does not round. 
Relatively small singular mat. values con- 
verted to 4; DET rounds automatically. 
Save arguments of last command. 

Do not save arguments of last command. 
BEEP and error tones disabled. 

BEEP and error tones enabled. 

Alarm tone disabled. 

Alarm tone enabled. 

Do not display parameter variable data. 
Display parameter variable data. 
Variable Browser shows names only. 
Variable Browser shows names/contents. 
Press () once for alpha lock. 

Press («)} twice for alpha lock. 

Press once for user mode lock. 
Press twice for user mode lock. 
User mode on. 

User mode off. 

User-defined activated. 
evaluated command line. 

Last GETI orPUTI wrapped index (to 1). 
Last GETI or PUTI did not wrap index. 
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OTHER Books FROM GRAPEVINE PUBLICATIONS 


If you liked this Pocket Guide, here are some other 
Grapevine books that may be helpful, too: 





Quickly learn problem-solving with | an kasy Course in 
matrices, units, complex numbers, vec- | “""¢& frogrammin 
tors, and algebraic objects—using clear 
examples and explanations. Next, study 
program basics, with loops, branches, 
flags, etc. Finally, program with built- 
in applications and design your own— 
with directories and custom menus, too. en 


Easy Course dati delde hominid HP 48G/GX (290 pages)..$19.95 
Graphics on the Use the power of that big HP 48G/GX 

HP 48G/GX display. Learn to build graphics objects 
(“grobs”) and to use them to customize 
displays with diagrams, pictures, and 
data plots. You get a great review of the 
built-in graphics tools, also. Then you’re 
ready to build your own grobs and use 
them in your own programs. 


eae as 
Graphics 0 on the HP 48G/GX (300 pageS)......cccseecseeeeeeees $19.95 












































A rath sage ina book leseoiis CX- | digehen & Pre-Caloutos 
amples, graphing and problem-solving: on the HP 48G/GX 


¢ Functions—linear, quadratic, ratio- 
nal, polynomial * Trig * Geometry « 
Conics ¢ Equations of lines & planes « 
Inequalities * Vectors * Programs for 
plotting and solving ¢ Written by an ex- 
perienced classroom math teacher. 


Aleeees & Pre-Calculus on the HP 48G/GX Ge PaBEs)s: $19.95 








by Dan Coffin 











| ca Calculus on the Start college now, with examples and 
| _ HP 48G/GX programs from an experienced teacher: 
| 


¢ Limits, sums, series * Vectors, gradi- 


ents ¢ Differentiation—formal, implicit, 
partial ¢ Integration—def./indef., im- 
/ proper, by parts, vectors * Rates, curves, 
| constraints, growth/decay, force/veloc- 


ity/accel., surfaces/solids, and more. 
Calculus on the HP 48G/GX (330 pages).....cscsceceseeenensees $19.95 








To place an order with either Visa or MasterCard, 
or to request a complete catalog, contact: 


Grapevine Publications, Inc. 
P.O. Box 2449 
Corvallis, OR 97339-2449 U.S.A. 


Phone orders/catalog req.: (800) 338-4331 
Outside U.S./Canada: (541) 754-0583 
Fax. (541) 754-6508 


OPERATOR PRECEDENCE 


In analgebraic expression, op- 1 ©! 6 + and- 
erators have these relative pri- 2 Functions (7 «,#,==, etc 
orities (and = is last of all): ---> 3 ! (Factorial) 8 AND andNiT 
Same-priority operations in an 4 “ and I 9 OF and “UR 
expression proceed /eftto right. 5 *,-" ,- (MEG) 10 | (“where”) 
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(4) and (p) (shift keys) ..... 2-3 | Lists ...000000... 1, 6, 18-19, 29 
(Ch). cg caecgesensessuevstessanencasentayse 2-3 | LOOPING we.:.2.-22:.sseerescevee 28-29 
ALARMS ceviccdisscsisctsessescess 7,31. Matrices. 1, 18-19, 26, 27, 29 
Algebraic objects 1, 20, above Memory ...........cccceeees 8-9 
Alpha characters . 3, 7, 10-11 Menus (typing aids) ....... 6, 10 
Alpha keyboard ............ COVE | (MODES). ......:.scceeseseeseeeeseeeees 11 
Angle .........::ee (MTH): Siscsecndecsacscssciaescagent 18-19 
Annunciators ............0::.c0 Mult. Eq. Solver (MES) 36-37 
Arguments ...........:::eeeeeeeees NAMES i Accseiernuite 1, 6-7 
Arithmetic .....0.. cee 59. (NUM) 22 eos scssseddccsiasszstssencses 25 
Arrow keys ...... 2,4, 9, 20, 22 Numeric results .....21, 23, 26 
Backup ........0..:ceeeeee 34-35 Objects (and types) ....... 1,29 
Batteries 0. eee 39 | Operator‘precedence .. above 
Binary numbers ....... 1, 18-19 | Parametric plots 
Branching ...........cce PathSvsveccvxicioss 
(CANCEL). ...... ; aU eereereeees cet 7, 30 

(PLOT) and plotting..... 7, 12-14 
Clearing .. Polar plots’ cccecncseetenstes.: 14 
Command line POMS: cesessavcscestedyes 34-35, 39 
Commands ............00 Postfix notation... 5 
Common commands ........... 3 | (PRG) and programs .. 1, 28-30 
Common problems ...... 40-41 | Principal/general sol. ... 21-22 
Complex numbers ... 1, 18-19 | Printing ............0.005 7, 32-33 
Conic plots ....... eee 14 Probability : 
Constants .......... 7, 18-19, 37 | Purging... eee 
Copying and moving...... 9-10 Quadratic equations .......... 21 
Curve-fitting (regression) ...27 | BAD. 0... 11, 40 
Custom menus .............. 7, 38 Real numbers .......... 
(a) and Differentiation... 23-24 Recalling values ............ 
Deleting ........... Dibidovencicesnesxe Reserved names .. 
Delimiters ...... Resetting ............ 
Derivatives Roots of functions. 
Directories (S).cevssdsvevareecanestoersisesaveantaees 
Display oo... | Scaling and viewing 
Editing .... Simultaneous equations ....15 
(ENTER) ctiecssececceciensees 3, 12 (SOLVE) and solving.......... 7,15 
Errors and recovery ....... 45730 (SRC) cd .acsccriacwczecusemseaets sane 2 
[EQUUIB): aaestsceseivscezetsscess 36-37 | (STACK )o:.teedssessecceseesscdesssesces 2-4 
(EQUATION) & EquationWriter 20 | (STAT) and statistics ... 7, 26-27 
EVAU).. suecetes eves ste 21, 23-25 | (STO) & storing values . 6-7, 15 
Expressions ...... 20-21, above | StringS ......... eee 1,11 
Flags .......... 11, 21, 26, 78-80 Summation .....0..00..0000. 7, 26 
Functions..... 1, 12-14, 22, 24 | (SYMBOLIC). «0... ee 21-25 
Graphics environment ...7, 13 Symbolic results ....21, 23, 26 
Graphics objects (grobs) ...30 System information............ 39 
HOME: 2... oceteesesetend 7-8 | TAGS ccs ceca ihe genncnnes 
and data comm. ..... 32-33 | Taylor polynomials ............ 22 
Inequalities .......... 
Inputs and outputs - 
Integration ............. (UNDO), Avetesss adientccressttenivuis 4 
Interactive stack «0.0... UNS». ceiscesit bec eces 1, 16-17 
Isolating a variable (VAR). .....-.- 
Key assignments ......... Variables . 
KeYS oe eeeeeeeee 2-3, 38-39 | Vectors «0.0.0... eee 
Libraries 0.0... 1, 34-35 | Zooming ............08. ‘ 
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